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FOREWORD

This final report, which consists of two volumes, describes the results of
studies and tests made by Aerojet-General under the System Support portion of the
Production Support program, which was conducted under Supplemental Agreement 33
to Contract AF 04(694)-308.

The following list defines contents of the two, volumes and relates the various
tasks to the project directive numbers that were used for task definition in the
Production Support Program Plan.*

Project
Volume Task Directive

1 Variability Analyses, Matcrials and Production 41-001
Resolve Propellant and Liner Production Problems 41-002

Analyses of Potential Production Problems 41-003

Production Support for LITVC Gas Generators 41-008

I LITVC and RC Packaging Design Study 41-010
2 Study of TVC System Pressurization Methods 41-0ol

Nozzle-Motor Configuration Optimization Study 41-014

Motor Development Programs, Tayout and Analysis 41-o06

Bladder Improvement Study 41-017

r=TV Manifold-and-Joint Design Study 41-018

Investigstion of Exit-Cone Material Behailor . i-019
Igniter Initiator, Materials-and-Performance
Evaluation 41-020
Characterization of Pyrotechnic Ignition
Properties 41-022
Evaluation of Alternative Insulation Materials 41-023

2 Roli-Control Valve Transducer Testing 41-025

=Ti final report. supersedes the preliminary final reports that were submitted
inaccordane with progam requirements and which are listed below. .

Revort Cotereo Date of Issue

-162.•oft R 3. PD3 41o-3, -.o02 -9of. -016, aWdM o -. : +

d162-06=D-5 MDe 41-017 _019, -022* -0M3,9 and _M2 241 Sep 1965

*Ninutemen Production Support Program Plan, Report 0162-06PS-2, dated 15 January 1965.
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APPROVAL STA~TEM

This final report sutarizes the results of System Support studleis of

the Production Support program, which was conducted from 18 August 1964

through 31 September 1965 by the Aerojet-General Corporation for the Air

Force Ballistic Systems Division. The program was authorized by Contract

Change Niotification 41. and Supplement Agreement 33 to Contract AF 04(694)-3G8.

The reepor t consists of Volumes 1 and 2 and Supplement 1 to Volume 2; the sup-

plement contains classified (CONM'EMTAL) material applicable to one section

of Volume 2.' Report format Is based on AISC Regulation No. 80-20, dated

3 August 1964,. and AI'SC Regulation No. 80-20A (Change), dated 25 September

This report has been revieved and Is approved.

R. D. Willer,, Captain, LUW
Project Officer
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Aseries o" studies was made wiherein evaluations, ivtgair.,and analyzes
were conducted in support of production pr.Ogran3 for Wing. VI 1,inute=an second-stage
motors, WS-133B. Summricis of effort and acco~plishments for the ten areas of pro-
gram effort discussed in thizL volume of the final report are presented below: -

1, Studies were ma~de of injectant-typt thrust vector control systems that
could be considered feasible for potential application with the Wing VI Mirutn
second stage and other solid-propellant motors; The systems investigated Include:
stored gas, blow down, solid- and liquid-propellant genLraticrs, primary and secondary

ý4 VaF&X, differential piston decomposition, and au~xiliary and main-tL".k injection.

2. Toward deriving range increase, investigations were made to increase
motor propellant loading by increasing nozzle submergence. Studies indicated
potential savings in '6*he weig5ht of inert components such ka the liquid injection
thrust vector control (LITVC) system, nozzle housing, and insulation. In conjunctionl
with glass-cane studien, investigations were made to determine the value of analytical
methods in the design of bosses.

3. Investigations were made to evaluate the physical and mechanical proper-
ties of composite mateiials for the expulsion bladder of the LITVC system. Bladder
materials investigated were Viton A-HV with Dacron (currently used in the. Wing VI
second-stage motor), Viton A-HV with Nomex HT 2-141; and Viton A-HV with Dacron and
a nylon barrier.

14. Program studies were directed toward -improvement of the LITVC and roll
control (RC) asyt-m by development of leak-proof joints and by replacing various
joints through welding.

5. Laboratory teats were made to establish the erfo'riance of tape-wrapped
exit cone materials (graphite- and silica-phenolic tapes) and to determine the
behavior of these materials and interface bonds when considering various material
and processing variables.

6. A series of igniter assemblies was tested to determine the. adequacy of
an igniter initiator having an unbonded, solid polyuretbane-floaa spacer In place of
the banded, perforated spacer.

T. Ignition properties were characterized for advanced propellants, pro-
pellant blends, and. pelleted-form pyrotechnics. Of primary Interest were pyrotechnics
h"avinide teMperature- and altitude-range capabilities..

8. Evaluati=n were made of recently developed elastoneric copounds.
Included were ethylene propylener terpolymers, and butyl wtrylicx*

* -' r 'cted to resolvo

- 9. In' intensive study vas cLdce t eov discrepancies for roll-
control vulve and position-transducer Inspection data betVeua AManfacturing fac"ilties
and between varioua government facilities.

-. ',-~4-. . -- N
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V.

LITVC MANIFOLD AND JOINT DESIGN STUfY--ORCJECT DIRE TIVE 41-o08

The following data summarize the progress made prior to cancellation of the
effort in the LITVC manifold and joint design study. The objectives of this study
were to design leak-proof joints for the Mod 4B LITVC and RC system and to conduct
subsystem tests to demonstrate the adequacy of the redesigned joints.

Program results include design data for leak-proof joints, preassemblv
feasibility data, thermal analyses, detailed stress analyses, O-ring evaluation
test data, weld evaluation laboratory test data, and literature survey data to
justify the evaluation of dissimilar metal combinations.

A. DESIG OF LEAK-PPOOF JOfTS

The roll-control subsystem loints involved in this study are shown in
Figure V-1; the TVC subsystem Joints are shown in Figire V-2.

1. Roll-Control JoPint Discussion

The roll-control generator Joint is identical to the existing
design except that the Flexitallic gasket tas been replaced by a Viton 0-ring, and
the mean seal diameter has been increased from 1.58 to 1.84 in.

The roll-control valve joint flanges were enlarged to accomodate
an insulation insert which prevents overheating of the O-ring sealing ares. The
neck of the roll control valve was extended to eliminate envelope problems between
the tank support and the handling ring which would have required a change to the
Aeroneutronics casting drawing of the valve body.

The bolted joints of the roll-control nozzle were replaced by
welded joints. This requires that a change be made to the Space General nozzle
elbow drawing and to the Aeroneutronics valve casting drawing.

2. TVC Joint Discussion

The TVC generator joint is identical to the existing design except
that the Flexitallic gasket has been replaced by a Viton 0-ring, and the man seal
dismeter has been increased from 1.76 to 1.88 Is.

The TVC T-Joint to the relief-valve bolted joint was replaced by::_
a welded joint. As a result, the relief-valve casting would have to be changed an
the walve seat would have to be assembled from the opposite direftion.

The relief valve-to-dump line joint was redesigned by moving the .
bolted joint avW from the heat sink of the relief valve housing and b- adding an - -

insulation insert of Fiberite )CX-2600 to prevent overheating of the sealing area.
Thi would require a chng to the Vickers' housing so that an elbow could be
welded to the housing.
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V, A, Design of Leak-Proof Joints (coat.)

The TVC manifold to the VIX tank insaert was redesigned t7 removizg
the bolted joint, and welding directlyr to the TVC tank insert. T~he tank insert would
be redesigned so that the burst diaph.ragm could be assembled frcm the inside.
In an altermntive design considertl an KM-2600 insulation insert would be added to
the enlarged bolted joint.

Be PRZASI2(2L FlAIBn1IT STUDYI

Preliminary studies were made of the Mod 4B LITYC and EC system assembly
to determine the feasibility of preassembly. Results indicate that preassembly of
the following Joints could be made: (1) RC nozzle to RC vaixet (2) relief valve to
TVC manifold, and (3) tank insert to TVC manifold.

C. STRESS AWIAY3IS

A stress analysis was conducted to determine the structural adequacy
of the redesigned hot-gas Joints (Section VI, A, Figures V-1 and -2). The results
indicate that the applied stresses are within the structural design criteria, which
eara based on a factor of safety of 1.25. Detailed stress calculations are available
to substantiate the results of this study'.

1. Redesigned H~ardware

The RC hardware (Figure V-3) consists of a gas generator and two
valve-nozzle assemblies bolted, 180 degrees apart, to the motor aft skirt. Externally
insulated hot-gas lines rum frcm. a flow divider at the gas generator to each valve.
In the redesigned RC hardware,, the flanged joint of the nouzle attachment was replaced
by a welded joint. The gas-generator joint aid. BC valve joint uere modified to
accommdate insulated, rubber 0-ring seals.

The TVC hardware (Figure V-4) consists of a gas generator with a
pressure relief valve and a hot-gas line leading to the toroidal. Freon tank. The
two dump lines terminating at the motor aft skirt, 180 degrees apart, enable the
excess hot gas to escape from tha pressure relief valve. In the redesigned TYC
hardware, the flanged Joints of the tank-inlet and pressure-relief-valve were
replaced by welded Joints. The dump-line joint at the pressi~e reliof valve and

tegasa-generator joint were modified to accocodate insulated rubber 0-ring seals.

2. Structural Analysis

All redesigned comonents and. the effects of these components an
the existing structures to which they are attached were analyzed an the basis of
the following design criteria.

77 VagY,
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V, C, Stress AralysiR (cont.)

a. Roll Control System

Ultimate pressure, Pult * 1.25 (MBOP)

a 1.25 (2400)

a 3000 psi

Maximum temperature, T. 2200F or as determined by the.mal
analysis.

b. TVC System

Ultimate pressure, Pult - 1.25 (MEOP)

- 1.25 (68o)

n 850 psi

Maximum temperature, Tmax , 2200*F or as determined by
thermal analysis.

0. TVC Exhaust Manifold

Ultimate Pressure, -1.25 (MMOP)

- 1.25 (75s)

=94 psi

Maximum temperature, Tmax 2200"F

d. Manifold Thermal Growth

An analytical evaluation of the loads developed as a result
of manifold thermal growth was beyond the scope of this analysis. These loads are
relativel7 small and do not significamtly change the minimum margins of safety.

3. Margins of Safety

The minlimiu margin. of. safety computed for all. components are
,hovn in Figure V-5.

Page V-3
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V, LITVC Yanifold and Joints Design Study--ProJect Directive 4l-O18 (cont.)

D. Z-MAL AUALYSIS

To eliminate any possible gas leakage from the LXTVC and RC system, all
hot-gas Joints in the base area were re-exsmined, A Viton seal and an insulAting
material to protect the seal were incorporated in those Joints that cculd not be
welded. The Joints analyzed include those at the RC inlet, the alternative injectant
tank inlet, the RC gas-generator outlet, and the elbow dump line.

A thermal analysis was conducted to determine the temperatures in the
new Joint designs. All network elements for the two-dimensional method of electrical
analogy are generated by the 278B computer program. The highest temperature in the
seal area of the four Joints analyzed was 1000 to 1075'F at the RC gas generator.'

The following assumptions were made in order to use a computer solution:
f gas temperature of 22006F, (2) perfect thermal contact between all interfaces,
3 no loss of heat by radiation or convection, (4) material properties remain

con-tant (Figure v-6), (5) the diameter of the flanges was increased to account for
the corners, and (6) convection coefficients were calculated from the following
formula.

X, 0.8 0.4h 0. 0023 1T %7RE)

1. Roll Control Wnlet Flange

Results of the thermal analysis of the RC inlet flange are shown
in Figure V-7. An insulator was required to protect the seal from extreme tempera-
tures. Rubber and plastic insulators were eliminated because a material was required
that ablates clean or does not ablate at all since no foreign material is allowed
in the gas stream. Teflon was inadequate because its low ablation temperature would
require too much material. The required thermal protection was provided by Pyrolytic
graphite, which has low conductivity direction (C direction) normal to the gas flow.
Zirconium oxide, although not used in the computer program, was expected to also
provide the thermal protection required without ablating. Although the Pyrolytic
graphite and the small conduction paths on each side of this graphite protect the
seal, these small conduction paths sat up some high temperature gradients which may
cause som stress problems.

-2. Tank Insert

Results of the thermal analysis of the tank inlet are uhavn in
Figure V-8. The tperature in the seal area after 74 see is 550'?; X--2600
insulation was used.

P46e V-4
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V, D, Thermal Aralysis (cont.)

3. Roll Control Gas Cenerstor

Results of the thermal analysis of the roll control gas generator
are shown in Figure V-9. Test data indicate that the average temperature observed
in the RC generator T-flange was 56)OF, with one temperature of 720"F being observed.
Temperatures in the seal should be m'at higher; however, analysis of the existing
design Indicatel that the seAl temperature was 485*F. The higher temperature observed
in the subsystem test (SST) could be attributed to the gap between the insulator and
the T flange, which was not considered in the SST analysis. The thermal analysis was
therefore conducted using convective heating in the gap, and a film coefficient of
115 Btu/ft 2 "F for the gap heating. The latter value was determined by running
different film coefficients in the ccmputer program until the average temperature
obtained from test data on the T flange (5601F) was obtained at 70 sec. The redesigned
T-flange was analyzed applying these conditions. The added heat sink (Figure V-9) to
the T-flange, however, merely enlarged the heat path, and the seal temperature was a

higher than in the existing design. The present RC gas generator design, therefore,
is recommended for use.

4. Area of the Dumt Line Elbow

Analysis of the temperature in the area of the seal for the dunp
line elbow (Figure V-10) indicates that after 74 sec the temperature near the seal
is 460"F.

5. Coclusions

Although the highest temperature in the seal was 1000 to 1075'F,
this could be reduced by about 100"F by moving the seal outward as shown in Figure
V-9. In addition, the heating in the RC gas generator could be greatly reduced if
heating in the existing gap were eliminated.

2. LAOMATCY EVALUATION OF VIM O-RING

The objective of these laboratory tests was to determine the sealing
capabilities of Viton O-rings at a maximum pressure and temperature of 1800 psi and
1155"F, respectively, when used on the new gas seal joints of the Minuteman Wing VI
Mod 4B LITVM and RC system.

A schematic diagram of the test setup is shown in Figure V-11. The
sealing faces of the fixture were checked for flatness to + 0.002 in. after each
test, and the O-ring and fixture groove were coated with DC-1 silicone grease before
each test. The threads of the six assembly bolts were coated with molybdenum disul-
phide lubricant before.a torque of 40 to 50 in.-lb wu applied. The fixture was
pressurized to 1850 to 1900 psi and held for 1 to 3 minutes while it was leak tested
with a soap solution. The pressure was then reduced to 1800 psi, and the fixture
was immersed in the molten tin bath at 2150 to 1200'?. A thermocouple in the fix-
ture is located within 0.030 in. of the sealing O.ring. As the teeperature of the
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V, E, Laboratory Evaluation of Viton 0 Ring (cont.)

fixture rose past 7C00F, the pressure was reduced from 1i00 to 1250 pAi and held
there for the remainder of the 10 minute test. Following the test, the fixture was
removed from the bath, depressurized, cleaned of residue, and checked for flatness.
The strip-chart recorders were calibrated before testing began to provide full-
scale readings of 2000 psi for pressure and 2230"F for temperature.

Twelve 0-rings were tested, three each from four batches, and the
results in Figure V-12 show no leaks or pressure losses during any of the tests.
A pressure increase of 50 to 100 psi was observed as the fixture was placed in the
bath. The pressui'e was then reduced to 1800 psi. Within 20 to 30 sec after ifmer-
sion, the temperature rose to over 700*F, and the pressure was manually reduced to
between 1200 and 1250 psi. No further valve adjustments were made, and the pressure
curves generally showed a slight increase from 1220 to 1280 psi. The condition of
the 0-rings was the same in all cases following the tests.

The O-rings were reduced to a brittle black residue which crumbled
readily into a powder or granules. Slight pitting of the stainless steel (T-347),
which was observed after two tests, grew more pronoun"ed after the sixth test when
the fixture was removed from service for refac rg. The pitting appeared to be
about 0.0005 in. deep.

The results in Figure V-12 show that the 0.006 -in. shim and three of
the four 0.004-in. shins caused failure or initial leakage within about 1 minute.
The fixture normally provides for about 0.025 to 0.030-in. compression of the O-ring
section diameter so the effect of the shim is to reduce this compression by the
tthickness of the shim. [

The tests conducted with 0.002-in. shims indicate that this amount of
nonparallel structure may be tolerable. Teqts without DC-4 silicone grease on the
O-ring indicate that the grease had little effect on the sealing efficiency of the
O-ring.

Of the tests which had no pressure loss, the pressure and temperatures
listed are those observed after 10 minutes in the tin bath. The fixture generally
reached a temperature of over L100"F within 50 to 70 see. Most of the tests in
which no leakage occurred had a pressure increase froa 124O to between 1280 to
13= psi, corresponding to an average gas terperature of about 32*F. In the test
to determine the pressure rise that would occur if no manual pressure bleed-off
10were used, the fixture was pressurized to I/00 psi and coCr-1d&' i the tin bath for

e10 miutes. The rewulting pressure was t7,160 psi, acnrre Ldi to an Increase inti..
Was tecperature of only 40F?, assuming the., nitrogen was at ambient temperature
(700?) betdore iineruion of the fixture.~""-

ITh. Condit-ion of the 0-rings; vas the same after all tesat;-the doccotpo.
uittton temperature of the iVton material is considered to be between 600 and 675?F;.
and the Viton material could perform satisfactorily as a state' pressure seal at
temperatures above its decomposition temperature if it is properly, seated and.,.-..,,.
comnpressed.
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V, LITV'C "Icnifold and Jointa Design Study--Project Directive 4i-oI8 (-ont.)

F. * WF EVALUATIONJ LA20IRATCIýY ==1

The materials for thc weld evaluatlon laboratory test program were
procured. :Three different material com~binations were to be studied in this investi-
gation to evaluate the conditions that will exist in the redesigned LITVC and ERC
system. Specimens of 17-7IPI welded to iFaynes 25 alloy were prepared for a crack-
sensitivity test and a longitudinal bend test, but &n analysis of the results was
not completed.

G. LIT=TURE SURVEY

A literature survey was conducted to justify the evaluation of dis-

similar metal combinations, and the results off this survey are su~arized below.

1. Current Design

Many of the joints in the hot-gas lines of the LITVC and RC system
are bolted Joints whiich have periodically caused leakage problems. The alloys used
in these fittings include T-34~7 stainless steel, 17-155, a chromium-cobalt-nickel-
iron alloy, and Haynes 25. The thickness of the joints does not exceed 0.250 in.

2. Survey Data
(1)

Considerable data were found on the welding of T-347 stainless
steel. This grade of steel is enmonly used where welding is required during fabri-
cation. No difficulty was encountered in welding this type steel to Haynes 25 and
N-155, and relatively thin-walled sections (3/16 to 1/4. in. thick), such as those
proposed for the hot-gas joints should be readily welded. The strengths of welds
in these alloys are listed below:

Ultimate
Tensile Strength, Yield Strength, E~longation in

AlyThicknmess psi psi 2 in.,
(2)

Haynes 25 0.094 130,000 73,000 30

0.125 133,000 70,000 34

N-0 )0.125 108,000 60,000o 22

C)0.250 2XLOC 65,000 21.
T-347k 0.250 930065,o0 3

es Coun1.1 Bulletin No. 43, October 195;8, Welding 2WPO 347
Stainless Steel Piping and Tubing by George E. Linnert.

(2) tMian Carbide SteLlite Co., Data Sheet for Haynes-25
(3) Uniion Carbide Stellits Co.,, Data Sheet for Multimet (9-155)
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V, G, Literature Survey (cont.)

Weld~ing ex-perience u.sing the.-e metal alloys by the liquiid rock~et
operations at Aerojet, Sacramento, indicates that in wrought or cast form neither of4
these alloys has ever been a source of' special difficulty as long as proper procedures
were followed. These alloys were welded in variou;s ccxsponents of the Titan UZ, U-i,,
and Nerva motors.

Page V-8
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ntterial Stress Condition .*

Be generator 04,e.5---

Joint

Be valve Joint Bayines-25 and Bolt pre- MEW at .33 Yield
N-155 alloy tension 10 see

HC nozzle Joint N-155 alloy Hoop stress MMF and 1.10 M1t.
and AISI 34T at veld thrust

loads at
10 see

TVC ganerator Ia~'nes-25 --. 4.

Tva relef vlve Haqnes-25 and Ilerdional Mew at .18 Mt.

housingp;elded A3Z3 347 stress at maximum
joint veld tperature

-i line joint A3r 347 loop stress MM at .75 Mit.
at ve•j,• temperature

TM tank Inlet bynas-25 and Bop stress )• at 1.10 Mit.
velded joint 17-7 PH at veld maxim

* Ign of sfety
No detaled analyuis vas pcfmed because the modifications to these Joint vwe
mi andL resulted In less sever loading.
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Figure V-6
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tet nduced Duration, ?"*ssure, Texp,
Test* Btch ca, in. rin in. "emarks

1 0-58 None 10 1285 1180 2o fatlure.
2 0-58 1240 1180
3 0-58 1280 1180
4 0-908 1280 .180
5 0-908 1260 L116
6 0-908 1260 l18
7 0-3660 1245 1180
8 0-3660 1260 1116*0
9 0-3660 L285 Lia0
10 o-4576 1260 12oo
11 0-4576 1200 1137
12 0-4576 1270 1160
25 0-58 0.006 50 sec 1250 1010 Sudden failure.
13 0-58 0.0co 45 sec 1830 - .,w leak/64*0 psl/in 10 =in.
16 0-908 0.004 70 see 1240 990 Slow leak/880 psi/in 10 min.
19 0-3660 0.04 50 sec 1800 895 SudAn failure.
22 0-14576 0.0014 10 1280 1200 No f ailure.
14 0-58 0.002 1310 U18
17 0-908 1.12 1179
20 0-3660 1280 1158
23 0-4576 1300 1158
15 0-58 1290 1179
18 0-908 12.0 1158
40 0-366 1280 f179 So failure.**
41 0-4576 1260 1158 No faL lure.*'"42 0-58 | 1280 1158 No failure.*

43 0-90801270 1158 No faIux•.*44 0-3660 45 see 1240 116 Slow leak/800 psi/in 10 min~+,
45 0-4576 10 1320 1158 No failure.**e
46 0-3660 10 1290 1179 No failure.***
47 0-4576 None 10 1720 1179 So failure. Irtial

pressure 1600 psi. No
bleed-off.

j% Tsnuers do not ind~cate iibxonoogicsa3 Order.

!N No DC-4 gease used O-A0ng.

H Results f Vitca O-Ring Tests
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VI.

ITVESTIGATIO1N O E=IT CON1E MATERhAL 7' VTCR--FPCJ"£C DT, cTTV hl-c!q

A. OBJEC=1VE

Mhe objective of this program was to establish the perforkance of tape-
w~apped exit-cone materials during motor firing by laboratory testing of exit-cone
samples anm to obtain data relating to the behavior of these materials and interface
bonds when considering various material and process variables.

To further understand the problem the following additional areas were
investigated:

1. The effect of char on the nozzle-interface bond strength and on

nozzle strength.

2. The partial release of the exit-cone-housing bond line.

3. Proof-teit procedures, tooling, and pressure levels.

4. Alternative methods of exit-cone retention.

5. X-ray inspection of nozzle assemblies.

B. IAB0RATORY STUDIE

For the initial phase of this program, plasma-are testing was performed
on exit-cone samples to study the behavior of the material and the interface bond be-
tween materials when considering volatile content, resin advancement, cure cycles,
and gas-release openirgs. As the basin for the testing, a temperature-va-time history
during firing was theoretically computed for an existing nozzle at various expansion
ratios. These data were compe.red with actual firing histories of cones that performed
abnormally during motor firings. In the Minuteman Wing VI program, graph4.te liners
had been ejected from six sea-level exit cones. Four of these were ejected at tailoff,
when the interface line between the graphite and the silic&-phenollc tape was charred
r.d at a fmximum/minimum temperature of 1880"F and 9607F (Figures VI-i and -2). The
remaining two liners were ejected at approximately 40 sec after ignition at a maximum/
minIlmu interface temperature of 1170*F and 360"F (F-gures VI-l and -2). A combination 4
of temperat.ure and time based on the above data was used in. the test program outlined
below.

I. Materials and Snecimen Preraration fcr laboratory Studies

Plasma-arc tests were performed on samples of three Wing VI sea-
level cones and seven subscale cones having various volatile contents to determine
if abnormalities encountered could be duplicated and to observe the change in material
behavior. Interface pressures and temperatures were recorded during testing. Addi-
tional plasma-arc testing was performed on specimens to determine if drilling holes
in the liner or post-curing the part improved the performance.

I
Page VI-l
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VI, B, Laboratory Studies (cont.)

a. Full-Size Cones

The three full-scale cones (FIT 369937) were made of FM-5oP/
FM-5020 by Cleveland Pneumatic Industries. Removal of the cones from nozzle assemblies
was achieved by heating the assemblies to approximately 400F and applying sufficient
force to break the bond between the cone and the titanium housing. The. nozzle
assemblies had been proof-pressure tested. Two of these cones showed cracks prior to
testing; one was cracked in the graphite wrap, and one in the silica wrap.

Eight 10-in, by 10-in, slabs and four interface shear-test
specimens were cut from each cone as shown in Figures VI-3 and -4. The volatile con-
tent in both wraps was determined for each slab. The slabs frcm each cone were pre-
pared for testing as follows:

(1) Two slabs were left in their original state.

(2) Two slabs were post-cured at 300"F for 48 hr.

(3) Two slabs were prepared with holes drilled through
the graphite liners (see Figure VI-5)-.

(4) Two slabs were prepared with holes drilled through
the liner (see Figure VI-6).

b. Sub•cale Cones

Seven cones were ade to the configuration shown in Figure
VI-7. Two 1O-by 0-in, slabs and four interface shear specimens were cut from each
of the seven cones as shown in Figures VI-3 and -4. The volatile content in both
wraps were determined for each slab.

To obtain a part with minimum volatile content for comparison,
a small-scale part was made by the snap-cure method. This cone (Specimen Code
FSC-1 and -2) was made by Fiberite from zX-4500/MX-2600. The mx-45OO liner was
wrapped at 220F with a roller pressure of 200 lb/in. and cured in an autoclave
for 2 hr at 150 psi and 300F. The autoclave temperature was, increased from room
temperature to cure temperature at a rate of three degrees/minute. The cured liner
va machined on the outside disuter and overwrapped with silica tape with a mandrel
temperature of 290F, tape temperature of 300'F, roller pressure of 300 lb/in.,
and a mandrel speed of 4 rpm, The surface of the MX-4500 liner was covered with
an epoxy-phenolic mo•A.ified resin prior to adding the silica tape..

To obtain test specimens with extremely high volatile content.,
a small-scale cone was made vwth water added duin the cure cycle. This cone
(Specimen Code 96-1 and -2) was made of M5-014/Fl.5020 in accordance with Specifcation
AGC-_431, Types II and 1V; material data are shown In Figure VI-8. The cone wv
manufactured like a Wing VI cone in accordance with Draving 369937, with the following
exceptions:

Page VI-2
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VI, B, Laboratory Studies (Cont.)

(1) Only two wraps were used.

(2) Only two debulk cycles were used.

(3) Water was introduced between the silica overwrap and
the vacuum bag prior to the last debulk and cure cycles. Debulk and cure cycles
were in accordance with Drawing 382123.

Small-scale cones were made of material with high, medi.,
and low resin advancement. These cones (Specimen Codes 03-1 and -2, 02-1 and -2,
and 99-1 and -2) were made of FM-5014/FM-50-2O in accordance with Specification AJC-
34311, Types II and IV; material data are shown in Figure VI-8. The cones were
manufactured like a Wirg VI cone in accordance with Drawing 369937, except that only
two wraps and two debulk cycles were used. Debulk and cure cycles were in accordance
with Drawing 382123.

Two cones were made from material of norzal advancement and
volatile content, and a debulk and cure cycle as shown in Figure VI-9. These cones
(Specimen Codes 92-1 and -2 and 94-1 and -2) were made of Fl4-5014/T4.-5020 in accordance
with Specification AfC-34311, Types II and IV; material data are shown in Figure
VI-8. The cones were manufactured like a Wing VI cone in accordance with Drawing
369937, except that only two wraps and one short debulk cycle were used.

2. Test Procedures

A pressure gage and a thermocouple were installed through the
silica liner at the interface between the two materials on all slab specimens that
did not have holes drilled through the graphite phenolic liner. Only a thermocouple
was installed at the interface of the slab specimens withl drilled holes. The
slabs were suspended on a wire with the thermocouple and the pressure gage(when
applicable)was attached to a continuous recording Imstrument. Two oxyacetylene
torches were placed 6-1/2 in. from the graphite phenolic liner. The flame was set
to give approximately 225 Btu/ft 2 /hr and covered approximately a 5-in.-dia area, at
the center of the slab. The test was stopped when the specimens were obviously
separated at the interface or had cracked through the liner. After testing the
slabs were sectioned through the center, and visually inspected.

Of the four interface shear specimens from each cone, two were
charred in an Argon atmosphere for 30 minutes at 1500"F. The uncharred and charred
temperature.

3. Sumary of Test Results

a. ultl-size Cones

Test results for specimens from the full-scale exit cones

(sN 216816, 2i680o7,u and 21680l8) amr smimrized in Figure VI-Ln* Detailed

*F'igure VI-10 includes test results for specimens from subseale cones.
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VI, B, laboratory Studies (cont.)

descriptions and results of observations of the tests are presented in Appendix
VI-A. Temperature- and pz.:.zsure -vs-time curves are given in the f igureo in Appendix
VI-A.

Except for one drilled specimen from Cone SN 2168018, soae
cracks were detected in the graphite phenolic wrap of all the specimens tested.
Only three specimens did not crack at the silica-graphite interface; these were one
post-cured slab specimen anI two drilled specimens from Cone SN 2168018. Except
for the post-cured and drilled specimens of the same cone, the silica wrap of all
specimens cracked during testing.

The following observations were made based on the test results:

(1) No relationship was detected between interface cracking
and volatile content, although the volatile content did vary from cone to cone.

(2) Post-curing did not significantly improve performance.

(3) Drilling l/16-in.-dia holes, 1/4 or 1/2 in. apart,
in the graphite liner to the silica interface did improve to some degree the post-
fired interface condition, but did not eliminate cracking. The two materials
generally remained in closer contact than the undrilled specirens.

(4) Only one as-received specimen, from Come SN 2168016,
developed a blister that was similar to those noted on the cones of fired Wing VI
motors.

b. Subscale Cones

Test results for specimens from the subscale exit cones are
included in Figure VI-IO. Results of analyses of test data and curves of tempera-
ture and pressure vs time are presented in Appendix VI-B.

On the basis of results of testing the subscale exit cones,
the following observations were made-,

(1) As was noted with the full-scale cone specimens, a
variance in volatile content did not influence interface performance.

(2) -By Increasing the tape material advancement, B stag-
ing or IMPI, some degree of Improvement was noted at the interface.

(3) A shorter debulk cycle did not. improve interface performance.

S. Evaluation and Discussion of Test Results

a.. General

In evaluating the results given in Figure V-1-0 and Appendixes
VIA and -B; it should be noted that the laboratory test conditions do not precisely

Page VIA4
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VI, B, Laboratory Studies (cont.)

simulate those experienced during actual firings; slab specimens tested in the
laboratory are subJected to more severe and uneven loading conditions. When the
cone is heated during firing, the graphite wrap expands into the silica overvrap
and creates a compressive stress at the interface that aids mechanical locking and
friction between the matrilas. Shear forces develop at the interface only In the
longitudinal direction.

When a slab specimen is tested in the laboratory, the com-
pressive forces are eliminated and shear forces are developed in all directions at
the interface. Peel forces from curving of the parts caused by uneven heat distribution
also tend to develop. Since the laboratory test is more severe, the results do not
truly represent actual firing conditions. Because most of the laboratory specimens
cracked to some degree, it becomes difficult to quantitatively compare results for
the various specimens tested. However, by visual observations of the testing and
analysis of the test results, trends of performance can be determined.

For future programs of this type, ring specimens instead of
slab sections will be used to obtain data of a more discriminate nature; ring speci-
mens could be made to more accurately simulate firing conditions.

b. Shear Testing

The results for shear testing (Figure VI-IO) show generally
higher shear values for the specimens taken from the small cones as compared to those
taken from the full-scale cones. While this may be a result of the fact that the
small cones had less debulk time, delaminations were noted on two test specimens from
a full-scale cone prior to testing, and it is probable that other small undetected
cracks were present which influenced the test results. Photomicrographs of phenolic
graphite and silica-wrapped parts that were subjected to high stresses showed
numerous small cracks in the phenolic resin.

Too few shear specimens were tested to quantitatively evaluate
the small cones. The appreciable variance in data for specimens from the same cone,
noted in some instances, negate any possibility of making a valid comparison.

Because the interface shear specimens all curved during charring<I
V and were concave on the graphite-wrap side during tensile testing, the actual shear

strength of the interface bond is greater than measured. In addition, the moment
introduced because of the curvature is not accounted for in the calculations.

The length of the test specimens appeared to be reduced after.
charring; graphite shrinking was greater than that of the silica. Since the co-
efficient of thermal expansion of silica at char temperature is several times as
great as for the graphite wrap ,.nd since the silica is the better insulator, it
charred slower and retained a high modulus of elasticity longer than did the graphite.
All these effects tended to curve the charred test specimens and resulted in fictitiously
low shear values..
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VI, B, laboratory Studies (cont.)

While the charred specimens taken from the snall cones in-
dicate greater interface shear strength than those taken from the full-scale cones,
the results are considered inconclusive because of the interface separation which
occurred during the charring of many of the full-scale cone samples.

C . Conclusions

Results of this study indicate that changes in volatile con-
tent, debulk cycle time, and adding a post-cure treatment do noc influence the perform-
ance at the interface. However, drilling holes in the graphite liner and increasing
the tape material advancement, B staging or I1II does appear to improve performance
at the interface bond. Because of the severity of the laboratory test, all specimens
cracked to some degree, making it difficult to evaluate accurately the effects of
material and processing variables on material behavior.

On the basis of these tests it can be stated that interface
bond cracking is initiated at relatively low interface temperatures. Fracture is
caused by a combination of thermal stresses, pressure from expanding air entrapped
at the interface, and the boiling off of volatiles from interface materials. While
this indicates that the interface line should be maintained at the lowest possible
temperature to ensure maximum reliability, the exact temperature limitations on the
interface line are unknown. Although this indicates that the requirement for a low
interface temperature minimizes the insulation benefits obtained from the silica
wrap, the silica wrap does provide an extra margin of safety if the graphite liner is
ejected.

C. M PARMAL RELASE OF T E T COIN-HOtUS BOND LI• M

The objective of this analysis was to study the effect of releasing the
bond between the sea-level plastic exit cone and the titanium housing at the T-'oint.
A complete stress analysis, presented in Appendix VI-C, was performed for all parts
affected by this change.

The stress analysis included investigations of the nozzle in the area
affected by the bond release for proof-pressure testing without a bond release
and with bond releases of 6, 6.5, and 7.5 in. Investigations were also made for
conditions at the start and end of firing with bond releases of 6, 6.5, and 7-5 in.

Results of the analysis show that an optimum stress condition exists
for a bond release of approximtely 7.5 in. Tis change in the Wing VI nozzle
would reduce the stresses in the plastic cone and the bond line to a level with
defilte positive raugint of safety. Te cracks now experienced In some cones at
proof pressure testing would be eliminated, and the possibilities of losing the
graphite phenolic liner and of blistering of the liner during firing would be greatly
reduced*.*

t Page V•-6
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VI, Investigntion of Exit Cone Yaterial Behavior--Project Directive 41-019 (cent.)

D. ALTERNATIVE MITH0S OF EXIT C07 FUM2 OIN

Objective

The objective of this program was to investigate alternative means
of retaining the sea-level exit cone in the housing.

2. Summary of Requirements

The cone is presently held in place by a snap ring at the forward
end and by the bond between the housing and the cone.

The following forces are acting on the cone during firing:

a. Chamber pressure on the OD of the submerged portion if acting
through the housing to eject the cone.

b. Nozzle gas pressure at the split line between the graphite
insert and the forward face of the cone is acting to eject the cone.

c. Nozzle gas pressure on the ID of the cone and at the split line
adjacent to the altitude cone is acting to retain the cone.

d. Thermal expansion forces on the cone, which expand it into
the housing, are acting to eject the cone.

These forces together have a resultant ejection force of 61,500 lb
at the end of firing at a chamber pressure of 570 psi. The highest ejection force,
however, occurs during proof pressure testing at 627 psi, when the chamber pressure
acting to eject the cone results ift a force of 85,000 lb.

If the bondline and the friction forces between the housing and
the cone are ignored, the present snap ring alone is capable of providing a
retention force of 80,500 psi, based on an interlaminar shear strength of 1500 psi
in the plastic. This reten.±on force is satisfactory under firing conditions but not
for proof pressure testing.

The bond between the housing and the cone is capable of providing
a retention force of 2,000,000 lb or approximately 23 times the ejection force
with an evenly dittribited-shear stress of 1250 psi.

*3. Alternative Yathods Investigated

The sea-level cone is made of a grapjhiite-phenolic tape inner lin:e-
and a silica--phenolic tape overvrap; both tapes are wrapped parallel to the center-,
line. During firing, all the graphite and part of the silica cloth become charred.
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VI, r, Alternative Methods of Exit Cone Ertention (cont.)

The charred portion of the cone has sho-an some signs of Interlaminar cracking in
all Wing VI motor firings. Approximately 20% (0.20 in.) of the silica material
remains uncharred. Assuming an interlsairar shear strength of 1500 psi for the
uncharred silica and none for the charred 9terial, the maximum obtainable retention
force in one plane on the cone Is F = D 2.`2 (see Fig-ame VI-11). At the af*t end,

sin
where the diameter is the greatest, the retention force is equal to 92,000 lb at
the end of firing. Figures VI-12 and -13 show two alternative methods that would
retain the cone at the aft end but that do not offer any improvement over the current
design.

Figure VI-12 shcw3 the incorporation of a metal retaining ring,
which is held and locked in place by the altitude exit cone. This metal ring extends
in between the cones far enough to takz. advantage of the shear strength of the
uncharred material in the sea-level cone, but still stays below the heat-affected
zone to prevent the conduction of heat into the cones.

Figure VI-13 shows an all-silica laminate insert at the aft of the
sea-level cone. This insert, like th: metal retaining ring, would be held in place
by the altitude exit cone. This desln, would provide a retention force of 256,250
ib, including the retention of the snap ring. Gaps for thermal expansion are left
between both the insert and the sea-level cone, and the insert and the altitude
exit cone. The laminate-insert design would provide a desired increase in shear
area over the present design and would also help to keep the inner wrap from being
ejected.

Other methods of retaining the cone with plastic and metal inserts
at the injector ports (Figure VI-10) are unsatisfactory because of the small shear
area reached in the plastic cone. Inserts or pins through the housing are also
unsatisfactory because of the number required to obtain a satisfactory shear area in
the plastic and because of sealin problems.

If the silica overwrap was wrapped at an angle with the nozzle
center line in such a way that the ejection force could be taken up in cross laminar
shear in the plastic, a much smaller shear area would bt. reqr-ijtr, since the cross-
laminar shear allowable is approximately seven times greater than the interlaminar.
Other methods of retention might then be practiced.

1. PWOF TEST PMMX BjS, T0oLomG, AND P lEVELS

The objective of this investigation was to compare the severity of the
proof-pressure test now used with the conditions actually encountered during firing,
and to establish a proof pressure test method closely duplicating firing conditions .

Page vI-8
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VI, E, Proof Test Procedures, Tooling, and Pressure Levelr- (cont.)

The structural analysis (Appendix VI-C) shows that with the liner re-
leased at the T-joint the present proof-pre-ssure test method is satisfactory. The
test method duplicates the str'bJes at start of firing fairly closely in the high
stress areas and will not overstress any part of the nozzle. Without a bond release,
the proof pressure should be dropped to 470 psi to obtain a closer relationship be-
tween the stresses at proof testing and start of firing. It is possible that an
even closer simulation of the maximum stresses coald be obtained if a back pressure.
was used in the titanium exit cone flange to achieve the same eject-on force In the
nozzle at proof test as during firiLn (see Figure VI-15). Because of ti=e limitations,
this analysis was not conducted. Hovever, the proof-test analysis for a released
liner condition was performed and showed a reduction in critical liner stresses.
The present prcof-pressure test tooling seems adequate for testing a nozzle with a
released liner.

F. X-RAY IPZEECTION OF NOZZLE AS= mLIES

The objective of this investigation was to determine by X-ray examination
If cracks exist in the plastic sea-level exit cone in the T-joint area.

To date seven Wing VI motor nozzle assemblies have been X-rayed to evaluate
discontinuities on the inner surface of the graphite inner wrap. Each of these assemblies
showed evidence of discontinuities on the inner surface of the assembly from 6 to
12 in. aft of the entrance cap. The suspect areas varied in length from about 4 in.
to the entire circumference of the cone. Width and depth of the suspect areas could
not be determined by visual inspection.

Tangential radiographs were made at 15-degree intervals on each assembly
using the 10 M'V Linac. The Linac was aligned with the nozzles to place the suspect
areas at the center of the radiation field, and exposures were made on Ansco
type-B film. Satisfactory visualization of the inner and outer 'raps of the exit
cone was 6btained, but on none of the assemblies was it possible to demonstrate any
discontinuity in the graphite.

Nozzle assembly SN 2168037 contained a delamination in the silica outer
wrap which extended from the outside diameter of the cone through a wrap and along
the interface between the silica and graphite for a distance of about 2 in. The
delamination occurred along the interface between two plies except at 240 degrees
where it involved an additional ply, resulting in a double image at that point. The
delamination between wraps appears to have involved only the interface without
appreciable damage to either cone. Although a surface discontinuity was present in
the graphite at this level, there was no radiographic evidence of damage to this
portion of the assembly.
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VI, F, X-Fay Inspection of Nozzle Assemblies (cont.)

Tangential and radial rediography with the Linac do not lend to evaluation
of the quality of the bond between the silica cone and the titanium housing. There
is evidence, however, that radial projections made with equipment in the 150 to 300
kvp range may offer some information as to the uniformity of the adhesive between
these two structures. Radial viav;s received from the Downey Plant on nozzles
S3 2168028 and 2168029 exhibit density changes that may be caused by voids in the
adhesive. Similar density changes are present on the radiographs of nozzle SN 637655.
On the radiographs of this nozzle, however, ihe density changes are present only in
the area forward cf the bolt ring on the housing. This area was covered by a rubber
insulator at the time of X-ray, and the density changes may be arising at the insulator-
housing interface. On the basis of this very limited sample, it appears that
significant voids in the adhesive between coner and housing may be detected by radial
X-ray. X-ray should be performed prior to application of the rubber insulator forward
of the nozzle bolt ring.

Pge VI-lO
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? 6 Code 0-1 (As-.Receiv'cd')

This snecim-en developed a distin~ct blister similar to the ones seen in some
cones of fired Wing VI motors. The blister developed in spite of the low volatile
content in both the graphite and the silica wrap.

The temperature aild pressure measuremnents were takern at the edge off the heat
affected zone on this specimen which Rccoukta for the low pressure and temperature of
5 psi maximum and 190QF maximum.

This was the only specimen f'rom cone STN 2168016, in which the interface line

did not crack all the way to the edge of' the part.

..N _2168016, Code 0-2 (As..Beceivect)

This specimen was observed to delaminate in the graphite wrap at 31 sec simulI-
taneous with a change in temperature. ITo pressure was recorded at this time; there-
fore, the delamaination must have been caused by-thermal expansion. No pressure was
recorded until approximately 500*0F, at which temperature the resin starts breaking
down.

SN 2168016 Code P-1 (Post-Cured)

This post-cured specimen did not showt any improvement over the as-received
01, specimen although the volatile content was reduced.-

The presisure started increasing at, approximatelY 225*F and probably was caused
by steam from volatiles boiling. At approximately 248. see the two wraps were observe~d
to'delaminate at the- edge of the part. The-pressure dropped sharply to-almost zero.

SN 2168016. code P-2 (Post-Cured)~

This post-cured specimen did not show any improvement over the as-received,
specimen although the volatile content wae reduced.

The te'iperature and pressure plots for the specimen were invalid.

sN 2168016, Codes 5-1:, ý-2, 6-.L,. 6-2 (Drilled Spcmes

The? average, temnperature: and' time.* on-. tlc~w specimens, were 1560*7 ardi. 16 Z see..

Thesew zlnbaý vith. the7 holes- drille& tirougjx, the- graphite wrap~ showed. some-
1_rovex awt. thr- 1ne'ar~ln eve~te v aeIas. Them were- via blef cracks, at. the, intSwtrace,) but the, material- was not, separa te& as:. fa apart as- in the-

previois: specimais. M&e graphite; wrap: izrte- slabi? with. the. l/4-it..-hole patterzr
VWa vit ssverel~r cracketr between. plies, with- ono- crack- in.ý each.ý exttndihg to. the,
efgez of- Me:~ Parr.~ Thew silica in al. these- parth- HEa& smafll dblaminations- at the-

inte~'ae vtb~ he ~spit~ Theý parts. were. szb~jected to, more. heat: for- a. longer-
period;- of; timw than, tbe undrifiled s-labs..

APOW
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sN, 21-62017, Code 0-1 (As-Received)

The recorder was started too late and %haws 'a 300*'F interfstce temperature at
the start of' test.

C~racks-were observed to d~evelop in the graphite during the test., At- 4o sec. a
laud. pop wast heard, and the pressmrs dropped to zero.- Thi probably coincides with-
cracking of the interface-f'ro tnie center to the edge of the part. and-gas relief
through this- opening..

SN 2168017;, Code 0-2 (As-Received)

The maxim- pressure and. temperature for this specimen were 26 psi and. 42or.
The pressure increase started at 2003P or close to the boiling point of water.

SN 2168017, code P-1 (Post-Cured)

The pressure incre~a started at approximarely 225*F*. Interlaminar separation
between materials extending to the edge of part-was- cbserved. at time of~ pressure drop
to zero. Post-cure off the specimen decreased the volatiles and. seemed to improve the
app.earance-slightly..

SN'2168017, Code P-2 (Post-Cured)

The temperature recorder was started too late. Pressure did, ,however,.startý
before-breakdawn tempera~ture of-the ,resins waa reached. -

WN 216R=.. ebffes, 5ý-..an 6ýr (rle.Specime=)Y*

The' interface between- the material- of the drilled slabs: cracked, but- separatedýL
leass-than~the- undrilled slabas..

The- maxiim- temperature and pressure for the two drilled'specimens were 860*'
at 91L see- and. 1380EF at 312. secý.

SN'216801a,. Code 0-1. (As-Received)

There.was: pressure indication at lov temperature-. Th&- graphite- was observel.
toT delaminite at7 peak. pressur&..

W1 2L6N=l8 Code 0Y-L Oas-Received) . . -

lroý pessura: awa developed& althou& m~mi~w temperatuire- recorded.. VW_ 6"t1'.
Thw ciackw iw, the graphlter 1inexrRossibly-, developecL early- and.. relitve& -the. prewweM..

ifi COL& ccunt fi, bw.beterthu., normaL. post: heat: cccdition' of this slab-
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S~ 2~SoB. cdcP-2 (Pozt-Clr,ýd~)

Although treated like Ccde P-I and with even. low.4er volat-ile content, this slIab
had a pressure incrcase startizg at 100'F with a maxcimum of 35 psi at 3000?.

* Both charred interface shear svecimens had very low shear strength.

SIN 2168018, codes 5-1. 5-2. 6-1. 6-2 (Dtilled Specimenzo)

The drilled, slabs, 5-1 and 5-2, with the 1/ 4 -in. -hole pattern showed some
interface delamination between the two materials in the heat-affccted area, but the
graphite and. the silica wrap did, not show any delzminatiors.

The drilled slabs, 6-1 and 6-2, with the 1/a- in. hole pattern had no continuous
delamination between the two mat-erialz.

The average temperature and time on these specimens were 1530OF and 243 sec.

Tem~erature - and Pressure -vs -Tim-e Curves

Temperature- and pressure-vs-time curves for various specimens taken from

full1-size cones are presented in Figures VI-A-I through -1

... ....
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Code FSC-1 (Isnan Cure)

This smecimen had an extremely low volatile content in both wraps. The
graphite and thre silica wrap separa'ýed completely at the end of the test. The.

* bondi n material- used between the two wraps burned-.

After- the test bothi wraps a~ppeared. better than azq ctbsr. teat samples with-
no- cracks.. The graphite had. a hard, good char, but the silica appeared low in
interlamina strength as p.lies readily peeled off wheni the. part was strained,. The-

* individual plies seemed smoother with less mechanical bond-between them than ind
conventionally made wraps.

Mhe uncharred. interface- shear specimna showed fAelmiay 4ai111 in. the,
silica wrap at low tensile values,- The, charred specinmens separated duri~ng charring-

* at the interface.

Code FSC-2 (Snala Cure)

:3 The results and observations for this specimen are the same as for- Code.

Code 96-1 (Water-Added)j

No~ water penetrated. into tho graphite wrap an&. onv very- little was absorbed
brT the silica wrap.. The method used did. not provide sufficient force for water-

pentrtin.of the- material.,. Instead,, the water wae. forced, alog the. surface
betweenr the-, bag7 azuL the lei 1is an& oati tbrougt the. vac= ine-~

Tacspec~imen, delamInated. to. the edge -of the pr ewe-te aeil.

but; showed, no: ieTina.ntions: im the. silica..

Code 96-2 (Water- Added)

This specimen developed a blister-similar to thm ones- seen. In,. cones of- fired.
~~v tr..~Z~tdit ntt seratL- all thte-,vavetar tbs- edwo- b.4~veez th&..

mater! al,. but showed. cracks. through. the- graphite7 wrap- an&, &e2wTW%4-rmi thie-
si"lema at the- interface with, the. graphite-. Delaminat-'em- aid, popw were observect
ir- the graphite- wrap~ at peak: pressure..

ý;Cdý 99-1 (towr =Yt)'~

ftgin wam heared. at,2 ~~aaa afte-tr" thyStart Or the- teat..- The- ±
artbýn oft-fr E crv acking dW ol c±nidje wit& aW- ra&UtaZ. charges, ix tempera.-

* - n- pasurew with- tbs. mrdim Pressura. of MT Pat at 4~6 e

qp~e&'fW tvft' at

up- akia~tthi dge. of the. part a
peak- pressure' The: temperature wam abn=omll- low. an&~ iK possibly- incorrec.

f4 hWKZB-
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17PI)

A sharn- nr(ssure-i a TToccurred at the boiling temperature of water; the

peak pressure was 41 psi.

Code 02-2 (Mediam IRPI)

'he temperature pickup was faulty on this test; the maxi=mm pressure- was
23 p- 4

Code (YZ-1 (Iligh 17PI)

No pressure develoned at the interface of this zmectzien. T•h -art was
observed to develop interlarinar cracks in t-he graphite -r.Tp early in the test.

Code 03-2 (High URPI)

A very low pressure, 6 psi, was measured. Both 03-1 and 03-2 were observed
to develop interlaminar cracks in the graphite wrap early in the test. -T1hese
cracks may have released pressure and thermal stresses and could be the re-ason for
the improved postfire condition of these parts.

Code 92-. (Snecial DeTbulk)

A crack was observed to develop in the graphite wrap at peak pressure,
46 psi. The volatile content was relatively high and may account for the severe
delaminations at the interface between the t-wo materials.

Code 92-2 (Special febulk)

This specimen developed a blister similar to those of some cones frcm fired
Wing VI motors. Delpininations were observed at peak pressure, but the gas release
opening in the graphite wrap formed by the delaminations may have been insufficient
to release the gas as rapidly as it was formed. This is also indicated by the slow
pressure drop-off. The volatile content was very high in this cone.

code 94-1 (Special flebulk)------------------ --- -.

This specimen had high volatile content and delaminated quite severely.

Code 94-2 (Stecial Debulk)

Three lcud ppas were heard before any• pressure was indicated. One pop "
coincided with, a sharp temperature increase. The popping noises, which obviously
indicate either interface or interlaminar crackings of fairly solid materials,
were probably- caused by thermal expansion stresses. The sharp temperature increase
may be caused by a shift in the thermocouple when the part cracked.

PWe VI-B-2
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Temoerature - and Pressure-vs -Timne C'.rve a

Temperature- and pressure-vs-time c-urves f'or various specimens from subacale
exit cones are presented in Figures VI-B-l. through-114.
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F'IGUP'F I' )

Description Fgr

7.514.jn. Bond Release

Stress Strain Curve for Epon 2216 vT-C-i

FNI 5014 1.eridiotaa1 Stress V--

FM 501h Hioop Stress Vr-C-3

F!! 5020 Meridional Stress Vt-C.4.

MX 5020 Hoop Stress VI-C-5

Epon 2216 Bond Norzai Streas Vr-C-6

Spon 2216 Bond Shear Stress VT-C-I'

IziterlamhIna Shear FM. 5014 - F?( 5020 vr-c-8

6AL-4V Titanium Hoop Stress VI-C-9

6A~t-47 Titanium Meridional Stress VX-C-iC

System Deflection Curves VT-C-1l

~4.dn.Bond Releasw

YK 50141 )hridictal Streng Vr-,C-12

W~ 502 JeridloonaI Stress VX-C-13

Sea ravel Exibi Cone Hoop Stress IC4

zpon 2216 Bond Shear- vI-C-15

Itpf 2216 Bond Normla Stress vr-C-16

fstewt Defletion Ci~rvess

fytstm Defleatiomi Curves fin- Various Proot' Test Vz4-1
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The stresses and deflections of the Wing V. nozzl, ý' upjport st...:re d
oea-levcl exit-cone liners were determined using th£c I•M 7394 c u.-m,-er ,=rTr-
number C4&3.

The progrlam for armlyzis of axzynetr1c 3structures subject to th-.ermal and
rechanical loads is based upon the finite element method which replaces the basic
structure with a system of rectangular ring elements. The program is capable of
handling multilayered, transversely iaot-rpic shells with varying tom-perature and
mechanical loading condItions.

"The basic nozzle configuration was analyzed for various enviro-nmental con-
dit~ons. Analyses during motor operation were cc.ducted at ignitin ;haze, after
1-sec of firln; i at the end of the operation, and after 70 see of firing. The
proof test environment was analyzed for effects of pressurization at both 570 psi
and 627 psi, along with a simulated back pressure in the sea-levrel exit cone. At
the 570 psi proof-test environment.

The length of bond release in the vicinity of the T-Joint .as also investi-
gated to determine thae opti--m release configuration. The aralysis shows the
effects of a basic 7,54_-in. release length and the changes in stress at critical
locations for a bond release of 6.04 in.

The 7.54-in. release length is verf close to the optimum system release
length as evidenced by a significant reduction in bond stress and sea-level exit-
cone stress levals.

To ccmgare the reduction in stress levels at critical locations. the basic
structure was also analyzed for a fully bonded titanium, exit-cone interface.

The results of the analysis are shoni in the various graphs listed In the
table of figures, and in the general umm1ary of stresses at critical points
throughout the structure,

In conclusion, the analysis substantiates the structural integrity of thepresent configurations, with the sea-level exit cone released 7.1-4 in. in the
vicinity of the T-Joint. The stresses induced into the various components are
generally wel2 within acceptable limits.

A conservative estimate of the true bond stress was made using the assump-
tions that the total energy in the bond line must remain constant (see Figure VI-C-I
and page VI-C-5, and that the stress encountered must lie along the stress strain
curve. It is also notd that the value of bond stress is a re-entrant stress con-
fined within narrow limits. The actual bond stress encountered is within the
allowable ultimate tensile strength and alsor the total. energy within the bond
element is well below that allowed in, the specification, minil.

The various proof-test envirormentas were- investigated in an attempt to more-
closely simUte actual firing enviroenta The various •r•essurized procf testa
do not significantly change stresses in critical areas and it was found that the
6Z P2si proof-test, environment was, in moIt areas, a reasonable approximation of
actual firing conditions, with the optimum, bond release of 7..5 in.

Pape V1-C-3

WE. ......

S. .. . .. • • / ' , . . • • . • . . . / . . . . .. . .. . . . . . .
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Pi change in the present buckling aIllovable or nozzle cend belted joint
stresses will occur as a result of liner release.- The values in the present
Wing VI Mimiteman stress analysis are still applicable to the structure snd have
not been included as a portion of this report.

Paw~ VT,,;, 3
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The stresses and deflections of the Wing "I nozzle support "tructure aad
sea-level exit-cone liners were determinced..usi, the =4 79,4 ccm-puter • prsgran
.n,•ber Ji.063.

Mhe nrogram for analysis cf axias•=ctriz ztructures sub.ect to t.-rai and
mechanical loads i.s based unon the f•'te e1c:ent -rethcd which Ircplac• -11 basic
structure with a system of rectangular ring elenen-c. Tne program is caapble of
handling multilayered, transversely isotropic shells with varying temperature and
mechanical loading conditions.

The basic nozzle configuration was analyzed for various envirornental con-
ditions. A,•Alyses during motor oeration were conducted at ignition phase, after
1-see of firing and at the end of the operaticn, and after 70 sea of firing. The
proof test envirornent was enaIuzed for effects of pressurization at both 570 psi
and 627 psi, along with a simlated back pressare in the sea-level exit cone. At
the 570 psi proof-test environment.

The length of bond release in the vicinity of the T-Joint was also investi-
gated to determine the optl.-m release configurarion. The analysis shows the
effects of a oasic 7.54-in. release length and the changes in stress at criticallocations for a bond release of 6.04 in.

The 7.54-in. release length is very close to the optim.m system release
length as evidenced by a significant reduction in bond stress and sea-level exit-
cone stress levels.

To compare the reduction in stress levels at critical locations, the basic
structure was also analyzed for a fully bonded titanium, exit-cone interface.

The results of the analysis are shown in the various graphs listed in the
table of figures, and in the general summary of stresses at critical points
throughout the structure.

In conclusion, the analysis substantiates the structural integrity of the
present configurations, with the sea-level exit cone released 7.54 in. in the
vicinity of the T-Joint. The stresses induced into the various components are
generally well within acceptable limits.

A conservative estimate of the true bond stress was made using the assump-
tions that the total energy in the bond line must remain constant (see Figure VI-C-i
and page VI-C-5, and that the stress encountered rust lie along the stress strain
curve. It is also noted that the value of bond stress is a re-entrant stress con-
fined within. narrow limits. The actual bond stress encountered is within the
allowable ultimate tensile strength and also, the total energy within the bond
element is well below that allowed in the specification mini .

The various proof-test envirorents were investigated in an attempt to. more
closely simlate actual firing envirouents. The various pressurized proof tests
do not significantly change stresses in critical areas and it was found that the
627' psi, proof-test environment was, in most areas, a reasonable approximation. of

4 actual firing conditions, witb the optimum bond release of 7.54 in.

Page VI-C-1
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Two proof conditions exist according to Suecification-AGC. 32098A.

Condition 1 570 Psi in 1.5 see

Condition 11 627 psi and held for I min-

The pressurization rate for Condition 'I is much lower than that encountered-
in, actual firing, 570 Psi in 300 millisec. Therefore, it will not be as critical
as Condition I1 and only Condition 11 will be analyzed.'

BsD Design Document 612c-8726-kc- 02 requires that there shall be no evidence
of excessive deformation (yielding) at the proof pressure of 1.10 x MEOP (627 psi).
The document further requires a mini=r- ultimate factor of safety of 1.15 on the
pressurized motor case chamber.

Afll margins of "afety quoted in. this report are based on actual critical
environment and do not reflect the required 1.15 factor on the titanium support
structure or the 1.25 factor- on the remaining comnponents. All magins of safety
do exceed design requirements, stated above, as shown. in. the general summry of
max±imm stresses..

Aft Closure and Nozzle Surnort Structure

MF 369722 Nozzle Assembly
DIf 381*021. Lnsing, Annealed
Mr~ 369937 Lizers, Exit Cone
DW 36795o Bolt,, 12 point, naS 626

*Aft Closure Housing -6A1)4V Titanium

rt 130,000 Psi Mind-

PI 3'20,M00psimnJ mL-
tT-

Bending Fba 187,500 Psi, Reference: Covi

or .14o,=0 psi, eimMML

Ybungra KO&uluB - i6J4 7- id psi --

Njoogi~ti=n 8%

W feference- Naot Ail Mr 380787 and NIL 5 Handboot

P&W U-0-
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Design Criteria (cant.

* Liners. ExIt Cone

Inner FM 5014

Outer FM 5020

FM 5014 - Graphite Tape and Phenolic Binder

Ftu = 2500 psi meridicna.1ln-i==mu at 20 degrees

Ftu = 5200 psi hoop mini-m

Fcu U1,500 psi mini== at 20 degrees

6
Et 1...6 x lo psi

c =2.0 x 106 psi

FM 5020 - Siliza Tare and Phenolic

Ftu= 4470 rst mini-m meridicnal at 20 degrees

Fcu =5,900 psi minim= meridional at 20 degrees

E = 2.0 x 106 psi

c =i1.8 x 106 psi

Bon~d

Epon 2216

rtu = 1250 psi

Fsu W 1000 psi

E = 16,700 psi

Inter Laminer Shear Between FM 5014 and FM 5020

•' FR• 1500 psi at roo temperature

' .200 psi at end. of firiug

f* Eeerenc U,. S. Polymeric Co. Material Data Sheets and AGC Test Results

Pawu Ir-c-k
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CAICUATICN CF TBzT• BONID IT.3TL STRESS

Assume that the work done by the bond =5ut remain constant, i.e., the area

under the stress-strain curve mast yield a constant energy function.

Elastic Stress = 1225 psi

Elastic Strain = 7.25%

E = 1225 x 0.0725 = l£.hi ib-in./in. 3
E2

FIRST APPROCXLMATIT

Sbond = 800 psi

bond 12.25%

E= 9.0o lb-in.in.
3

SECOND APPRIXI4ATICT (See Figure Vt-C-I)

Sbond = 750 psi

e bond = 11.25%

E2 = 42.19 lb-in./in.3

FINAL APPRXmATICm

abond= 765 psi

bondZbond =11.6%

EF =44 37 lb-in./in.
3

MINMUM E GY PER SFECiFICATIa1

S- 1250 psi Mini-m U.T.S.

I = 35% (Minimim percent elongation)

z = 218.75 lb-in./in. 3

Pg.1

j.11

I? " •
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STDhMARY 0F EJECrION, F'rCE=

F
-.4etentiorl

6AL-47 Titanium
Support Structure

Sea-Level
Exit Cone Motor

Epon 2216
Bond

7 i te ZAxs usteqalto zero*

At 62? psi, proof teatt . 8,00 lb

"50 psi, I-see firing: - 75,300 lb

eject 6,3

jaclai isf h 60- bond release condfti=~. .

Pw Ar __
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v~II.

JGIMTTEM I7ITIA'OR MATE!, IA - F'A LUATIO.1--
PMOJEO=Z DIPC"tIVE 4I-C2O

The objective of this portion of the program was to demonstrate the per-
formance adequacy of an igniter initiator havirg an =ibonded, solid pOlyurethane-
foam spacer in place of the current perforate." tonded spacer.

A. TASK DESCRIPTION

Six igniter assemblies were pre-ared from standard Wing VI Minuteman
igniter hardware. Firing-train test fixtures were used in accordance with the
requirements of Project Directive 41-O2o of Report 0162-06PS-2. These srx units
were loaded with the standard 40-gm BIPN-2A pellet initiator charge. Two initiator
units were assembled with standard polyurethane-foam rings (?N 367273) for control
purposes. ,The remaining four initiators had solid, unbonded, 2.30-in.-dia by
0.50-in.-thick AMS-3570 polyurethane-foam cushicns. Each unit was serialized and
coordinated with oscillograph recordirgs.

The initiators were fired into blank igniter chambers that were fitted
with aft closures and burst discs to simulate the actual Igniter configuration.
The six units were fired as a lot at ambient temperature ard pressure conditions.
The performance of each of the six -units is plotted in Figure VII-1 for comparative
purposes.

B. CON•fSIONS AND RECOMMENDATIONS

The four initiators having the solid foam cushions performed adequately
and demonstrated good reproducibility. As shown in Figure VII-l, the control
Initiators that were equipped vith the standard rings demonstrated a wide variance,
or spread, in their respective performance curves. go explanation of thbs spread
am be made at this time; however, the spread is typical of prev ovs lot-to-lot
variations in initiator performance. No indicatiom of excessive stresses in the
"initiator hardware was observed during postfiring examination.

Based on the performance of the solid foam spacers, it is concluded that
the objectives of the program were met. However, since the exact causes and effects
of spacer degradation on normll!y aged and accelerated aged items are not known,
addItioi astuies are required before modification of the Wing VI igniter initiator
foam spacer can be recommended.

Page Ml-1
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CM = ZA:C 0F P TC". C T 01TIQ !OIS-
F•£Tc2 :DIcrr . 4q'£L-C•2

A. 7_20ARY

The objective of this program was to characterize the ignition properties
of Pdvanced propellan'q, propellant Olends, arnd peileted-for= pyrotechnics. Of
primar-y interest were pyrotechnics having wide temperature- and altitude-range
capabilities.

Are-image furnace testing was used to determine the time to ignition
(at & constant heat flux and at vatable pressures) for the propellant and propel-
lant blends. Me resultant data. were then -ised to determine the variation in
ignition properties resulting from burning rate, oxidizer ratio, and binder type
for the propellant and propellant blends testing. Closed-bomb tests were used to
characterize the'pyrotechnic pellet output..

B. ==C AL DISCTSSIO0

1. Prorellant and Prc•e!lant Blends

Various propellant samples were prepared for arc-image furnace
testing in accordance with the requirements cf the DroJezt directive. All propel-
lant tests, except those for the berjlliU= (Be) propillant, -iere conducted at Hill
AFB by the Material Test Section of the 27'ý5th Airmunitions Wing; the Be ;r-opellant
sample was tested at the Aermite Powder Ccampany facilities, Saugus, California.

Sa. ArL-Image Furnace Testing of Minuteman Propellant

*Tests at Hill AF3 were made of samples of Minutema Wing VI
ANB-3066 and of one sample of Polaris A3 propellant. Variations in blending and
properties of the propellants tested are chown in Figure VIIf-I. The test temper-
ature was 72 ± 20F, and testing was cond=ctea in. a inert, atmosphere. The art-
image furnace heat flux was 70 cal/cm2-sec. The general objentives of the program
were met; the pertinent correlations concerning the effect of oxidizer ratio, binder
type, and liquid satrand barning rate (L.MR) that were determined are discussed
below.

Faetors affecting threshold ignition time were investigated
using Aerojet computer program A2611 (one-way multiple co-variance analysis).
The pol7]bttadi-ne (by vendor), absolute pressure (log transformed) LSBR, and
S oxidizer ratio vere correlated with ignition time (log tranformed.

I " ta. from thla study showed different relationships vIth the
g ;pmlyutaene frm the two vendors (significant at the 0.014. level). For both

vendors mterials, the effect of pressure was significant at the 0.000 level. For

I

i: .... lil

- . .. . ..
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VIII, B, Technical Discussion (cant.)

Phillips pcljybutadiene, LMR and oxidizer ratio had marginal effecý3 (signifizant
at the 0.12 and 0.06 levels, re..i•Žb) For U4r1H .was
signific-ant a; the 0.C01 i•,,:I t .: .zer ratio was not 1Ig1lf..... lae Iack
of correlation with oxidizer ratio 7zay be a result or & very narrow range of this
variable for the GT&rR data.

A linear relationship of the threshold ignition time with
the Above variables was also investigated but this correlation was less conclusive.
The effect of pressure on the threshold ignition time is 3hown graphically in
Figure VIII-2.

Hill An- personnel who conducted the tevtinj misinterpreted
the test requirements. Instead of testing at the requested 0, 0.15, 0.25, 0.50,
1.0, and 3.0 atmospheres, the tests were performed at 0.85, 1.0, 1.1, 1.35, 1.85,
and 4.85 atmospheres; the ambient atmosphere condition at hill (41450-ft elevation)
was used for the zero atmosnphere reading.

The data are still of value inasmuch as the exhaust gases
from the motor igniter are capable of inducing a pressure inside the case regard-
less of ambient conditions. For the Wing VI second-stage motor this value is
apmroximately 20 psia at vacuum conditIcons. The arc-image test results are shown
in Figure VIII-3.

b. Arc-Image Furnace Testin( of Be Propellant

The Be propellant (Lot G5-Be-53) was tested at Bermite
Powder Company facilities. Because of the low flame temperature of the propellant
(with respect to radiant energy) it was found difficult to determine time to
ignition at the two lowest presstnre leve-ls (0 to 0.15 and 0.25 atmospheres). The
results of the arc-image testing are shown in Figure VIII-4. (Comparison of resultsfor the propellants tested show that at thp same pressu'i. the threshold ignition
time of Be propellant is approximately double that of CTPB propellant.)

c. Expected and Observed Ignitability of ANB-3066
Propellant

Based oa arc-image furnace data from Standforu Research
Institute and ignition studies perfoi -2d by the Aercjet Propellant Ballistics
Department (4521), good correlation between the predicted (arc-image) and observed
ignitability of ATa-3066 propellant for cast to k17-60 surfaces hae been demonstrated
with respect to full-scale Wing VI motors. In the case of the Wing VI igniter,
however, the expected difference between "cast to Tv-60" and "cur surfaces" has
been the reverse between expected and ob.2erved performance, i.e., cutting or
scraping the propellant surface after casting has impoved the ignnitability of the
propellant. The reason for variation in expected and observed differences in the
igniter can be attributed to:

Page VITI-2
_- _
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VIII, B, Techn.cal L~scunaion (cont.)

(I) Variations Jn oxidizer bl.ends that produce e fuel rich
propellant surface, which is mo:'e difficult to ignite.

(2) Differences in the mode of heat transfer to tne propel-
lant sý4tface in the igniter, motor, and arc-image fjnace which made corre.lation
difficult.

(3) Lack of igritability data at the high pressures &ad high

beat fluxes experienced in the igniter.

2. •elleted-7orn P?•rr• echnics

The closed-bomb experiment was usld ti determine certain ballistic
properties of boron-potassium nitrate (BPN) and -agnesium-tetrz-fluoroethylenx
(Mg-TFE) pellets. Parameters measured were the effective force constant (f), the
burning rate (r), and the effecti-e ratio of specific heats (ry'). The volumti-tric
loading density of each pellet configuration was aao determined, and sve.ral heat-
flux measurements were made using the vented bomb to determine the heat of expl.'sion
of both compositions.

a. Test Apparatus

The JA=AF closed bo-b used had an initial free voluze of
47.6 in. 3  The BFN charges were contained in fifiger cots and charge Ignitton was
provided by a Hercules Sll-.A2 squib and a 400-milligram, BFN-powder booster. This
technique proved to be inadequate for ignition of the Mg-TFE pellets; crnsequently,
an additional series of tests was conducted to deter== the-best method for co"-
tanidng and igniting these pellets. A glass-cloth bag with a Hercules SI1-A2 aqu1
and a 400-mg BPS powder booster was ultimately used. Pressure measur-sments were
made at charge weighta ot 5, 15, Knd 25 gm for each pellet configuratioa of bath the
BPN and Mg-TFE compositions.

The BPf pellet configurations tested were: (1) the 2A,
cylindrical shape, 0.125-in. dia by 0.188-in. loz.; %2) the 2D, aepirin-tablet '

shape, 0.25C-in. d"a by 0.130-in. bi-convex; (3) the 24, cylindrical shape, 0.125-in.
dia by 0.100-in. long; and (14-) the 2E cyliu-irical with convex ends, 0.250-in. dia
br 0.250-in. bi-convex. The Mg-TFE pellet configurations tested were the 31, 3•,
and 3L. The 3D and 3E had the same dimensions as the 'O and 2E, respe.'tively,
and the 3L was of aspirin-tablet shape, 0.500-i=. dia, boy 0.250-in. bi-convex.

b. Teat Procedure t.
-Teats were -1d in order of descending chs"ge weight (i.e., .. .

25,. 15, and 5 ga); two teits per chaxge weight --re conducted. 1ricr to each teatj the bom vas purged with nitrogen gas to remave~ solid or Seseous; recidae.

U--

Page VMI-3
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VIII, B,.Technical Discusuion (cont.)

As determined in testing, ignition train (only) firings in

measured peak pressure for each test.

a. 1{oat-Lous Determiniation caatitc

To determine the heat-loss cactrsisof the JAWA baft,
various charge weights of JPI propellant were burned and the peaec Pressure Miasurdo

Fluii data given in the SPIA handbook, the force constant for JIN was calculatad

then calculated using the following equation:

where: Tr a force constant

C a total charge weight, lbm..........

P. peak pressurej, psi

9 V * chamber voiamoin. 3

i eat-losi factor

- -effective C*-Vol2me

VeN~ous charge weights of JPN propellant then wer* fired and the fraction heat lose
calculated; the results are shown graphically in Figure VIU-5.

The material used for heat-loss determination should have
the same duration and peak pressure of the material zo be tested. Because .71 bas
a slaver burning rate than DPI or 14g-Tfl, It was Impossible to obtain sindlar
duratlions and peak pressures between JPN and BPW or WsMg-. A relationship for
correcting for tho duration and charge In the detersdnation' of has been established

~M

Vbrisei total'. ti ~mstart Of, jz"i`'t'@"''1 peak p- sswe, n 0i4, the weh of the -charge. ::t holbenttt .'er InIIe inte as
'cf 1; u C alc tion of-the foe

"'a ) j*dii.4nishe4 when carried. over. td tboe fina ores

cantan%,

N

r2
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VIII, B, Technical Discussion (cont.)

d. Test Results

The pertinient data from the BPNT and Mg-TFE tests are presented
-in Figures viii-6, -7, and -8.

(1) Effective Force Constant

The -Rwrage tffective force co~nstant for BPI is 9.9T X 0
ft-lb/lb and f'or Mg-TFE it Is 3,77 x 10~ ft-lb/lb. The :,Iorce constant was calculated
without using a co-volume corrit n,". At these relatively low pressures, the cor-
rection would amount to less

(2) , I.a t e

The fAv e Ata for the BPN show that the time to peak pres-
sure varied over a relative!'~ range while the peak pressure varied apprexi-
Matel~y 1000 psi. This indx.. t..A~t the burning rate of BPN is nearly insensitive
to pressure. The DPN burnir,, -vs-pressure plot is shown in Figure VIfl-9. The
burning rate exponent (n) ts '#'.I.,_which agrees with thie marufacturer's handbook
value of 0.10; the complete cxprrI.eiion is ;' 0.65 P0 '1 0 in./sec. The expression

derived from the test data is r a 0.624-p in./sec.

The MS-TFE burning rate-vs-pressure plot is presented
in Figure VIIU-l0. The burning rate of this material appears to be cazmpletely
insensitive to pressure between 70 and. 400 psi, The man f~urer .5 expression.
for burning rate between 88 and 20,000 psi is r a1.04* p" ino/sec.

A(3) Effective Ratio of Specific Beats

The heat of combustion (q) of BPX is 164i5 cal/gm. Using
this value and a value of the force constant (F . 9.9T z l0'Y' ft-lb/lb), the effective
ratio of specific heats (Y') is calculated. to be 1.0~43. The heat of copbustion,
(Q) of Mg-TFZ is 1500 cal/gm. Using this value and a value of 3. TT X l04 ft-lb/lb
for the effective fwce constant, the T1 for Xg-TPN is calculated to be 1.018
These low values of yl are the result of condensed material in the catustion
products.

HI. eat of Explosio

-. .. .. eat-f lur~ measurewiuts were made:in. a vented-cbszber ,
n.Istrimntedvth w th o ATL gold-button calarimiters aMn two Tabar Tela4d'zm pressure

transducers. A-,IT-gm. charge of Mg-TYN 3L pellets aMd a 17-XM .charge, of'B dm,*2L
pellets were burned In an igniter chamber end the c~uiutloa products x tdIt
,the: instrimnted chmerw.ý 'amlfui o th calormmtei. recordsý gave Tasfoth
total delivered .eiteM -on hee data were then applie.tth uio

-, NPV

-~( A;



Report 0162-C67Mf-9-Vol 2

VIII, B, Technical Discus~iorn (cont.)

q - 0.0288 q X ~

whre heat of explosion, Btu/lb

g dynamic viscosity, Ib/tt-sec

Suigniter mass flov, lb/t.2ý

Af port flow area, ft 2

()Concluzions

Data indicate that while both BP3 and Mg-TYEF are
nearly inmensitive to pressure, the BPI would be the desirable pyrotechnic because:

(a) The effective force constant for 13PM is approxi-
Ma~l double that of PYg-TFE.

(b) The heat of explosion Is higher for BPI!.

(c) Mg-Trn requires closer confinements and higher

flux for ignition and sustained combustion.

- ~ X>-
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Oxidizer Liquid Strand Oxidizer 5urface
Prcrellant Polybutadiene Ratio, Burnin r Rte, Blend CandItion

Izatch Manufacturer % Ung, 14 FM4 in

17-DU-70 thillips 72:28 0.335. 5165 Cut

17-W-41 Phillips. 73:27 0.320 5152 cut

"1T-DU-77 Phillpa 77:23 0.332 5170 cut

(!
1T7-iA-83 Phillips 8J4:16 o.326 5170 cut

17-DU-T4 GTIR 77:23 0.321 5152 Cut

rr-Ix1-81 GOT&R 76:24 o.326 5165 Cut

17-ru-8B aw ~ 78:22 0.331 5170 cut

AIIP.2969* -- nln ocut K
7Th4-003-3 • Phillips 85:125 0.32T 5jj' Cast to

Rrv-60
PR-004-10 Tam 78:22 W.316 5170 Cast to

mv-6Q
. ,PR-004-67- OM 78:22 0.329 5170 (,tto

78M .s toi2i

I

*.. . ... co parison purposes ( tA: I Po -.ris.. P4.. ..11a..). ..V; .j! > - _

t-4
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rrcr'Oiant S.mPie T~est Chamber Tbreshold Igmjti1,.7a t c' TI:). No. Pressure, At".,ýs* - ¶2e

17-tAU-70 IA 3.00 3
1.00 5
0.50 62
0.25 80
0.15 82
0.00 65

17-tV-TO ~ 3Saez as aboye 40

655
75
81

1T7DZX41-. 2A Same as above 40
56
68
73

84
111- DU- 41 2B Same as above 45

54
T2 3

75
79

1T-DU-77 am as above 39
£45
59
70
77

1TD-T33 as as o

Kop *w sn T  lax penr bock imt et

Arc-Impe furnce Test ?&suits

Fiure VIl- 3, S et Iof 37L-. ~ 
- '_

41A,~ ~



.Prpellant sample Test C]. a::rcer -hrorhold lr.RtionDatch N ýo. * o. Pre ss u .--,-, r " 1' * me e

17-DrA-83 4A 3.0Co 33
1.00 53
0.50 69
0.25 740.15 80
0.00 8

17-DU-83 4B Same as above 34

655

T377

17-IXD-74 5A Same as above 47
64
67
81.
83
87

17-t-7T4 5B Same as above 48
66
68

"79

17-W-81 6a Sum as above • -

685989

74

3)!T-U8 sun as abovlsp bok ~ ea4 4

ýft~~spbenu. to4C t for estprceduresteou

71gure VIUI-3, Sbeet 2 of 3

IV
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Propellant Samrle Test Chwamer Threshold Ign~tion
Batch 'i:). No. Pressuze, Atnoz* TI:". milisec-

17-DZJ-83 TA. 3.00 43
1.00 62
0.50 66
0.25 72
0-15 T9
0.00 85

17-Dr7-88 7B Sam~e as above 37
53
60
T4
76
8T

ASP-29CE9 Polaris Same as above 31.
70
89

145
17'2
166 ~

?R046-12 Sone as above 59
T-AJE-24 61.

T5
T5
76

PS-004-10 22 Same~ as above 55
62

68
68
88

FflI-03-3 Sam as above 49

-samples per block wee 'tiite4.

Are-7.mse ?urnace Test Resualts

Fig fl:=3, 2eet 3'of 3
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Ptressure, lx Average TIT& to

5 70 84.io

-> £3 TO7 87.14c

40 1TT.30

- ~ 2.70 .1L20

* 40 194.1.Lo

0.5 TO

0.5 40. 185-50**

*ffo reducible traces obtained..
*LTArge spr'ead in data.

Jft 3srlt= Pr0Vpelflit Are-Imp Furnace

4 -~
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Time to Effective F.rCe
Pellet Tý.e • Ppressure, P, Fraction Constant F, x Zuriinm Pate,I •~Carge wt, am P paia Plii 04_, _/,• tO * ib••n!,

2A/5~'n 14 cs~ I tl/bIn./sec

2A/5 14T 53.5 o.4o 8.89 0.984
2A/5 132 53.5 o.4o 7.98 o.964
2A/15 732 45.0 0.27 12.31 1.410
2A/15 658 47.0 0.27 10.90 1.320
2A/25 1045 46.5 0.20 9.48 1.340
2A/25 950 46.0 0.20 8.63 1.360
2D/5 160 65.0 o.4i 9.84 L000
2D/5 161 65.0 0.41 9.90 1.000
2D/15 518 62.0 0.28 8.39 1.040
2D/15 559 55.0 0.28 9.39 1.180
2D25 928 55.0 0.22 8.64 - 1.180
2D/25 985 51-. 0.21 9.05 1.27o
2M/5 209 40.0 0.38 12.32 1.250
2M/5 213 4o.o 0.38 12.08 L,250
2M/15 630 4O.0 0.26 10.29 1.250
2W'5 623 40.0 o.26 10.18 L250
2Wf25 11.42.0 0.20 .10.82 1.o90
2M/25 966 31.0 0.18 8.55 1.61o
2W5 129 i3o.o o.46 8.68 0.960
2R/5 206 90.0 0.43 3.31n L390
2E/15 727 90.0 0.25 11.72 1.390
2S/15 582 85.0 0.30 1o.o6 1..470
23/25 1022 85.0 0.24 9.67 LATO
2Z/25 858 86.0 0.25 8.30 1.45o

-;.. .. U - - -.-

hilIiatiC Propertles of BPS Igniti~on. Pelletz

Figure vin-6
.. , . :.• ' • /. ..'C A . . , . h : . . . .. .- ,. ,, ;t~ !,;: -.. - -
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R~eport 0162-06TMR-0-Vol 2

Time to Effective Force
Pellet Tyle/ Peak Pressure, P , Fraction Constant F, x Burnift3 PI-te,

Cr- V, P1,, ;,allia, Feat To,, • ot-lb/-- __./__-In

3Z/5 95 9 0.44 6.16 1.33

3E/5 73 -- 0.49 5.19 --

3Z/15 244 85 0.30 4.22 1.47

3Z/15 186 95 0.30 3.22 1.32

3E/25 382 105 0.26 375 1.19

3Z/25 330 85 0.25 3.19 1.7

3L/5 73 125 c.45 4.82 1.00

31/5 51 , o.48 3.56 --

31/15 226 109 0.32 4.o2 1.11

3L/15 235 100 0.32 4.18 1.25

31/25 377 100 0.27 37T4 1.25

A3/25 298 121 0.28 3.01 1.03

3 D/5 00.8 5.66 1.25

.3/5 79 60 o.49 5.62 1.08

.3D/15 260 TO 0.31 ,.55 0.93

3D/15 243 64 0.32 4.33 1.01

3D/25 386 61 0.2 3.84 1.o6

3D/25 .328 6o 0.2. 3.8 1.08

Wtniformity of piellet ignition. questionaba..
o. . . ,• ' -

-IIItic Propertiesof ,g-TiNg nition Pellets

r~gureVM-T-N
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2A 0.125 diat x 0.188~ long 0.984 1.0i43

2D0.250 dia x 0.130 bi-convex 1.053 1.105

2K0.125 dia x 0.100 long 1.020 1.16~4

2E 0.250 dis. x 0.250 bi-convex 1.030 1.119

3D 0.250 dia x 0.130 bi-ccnvex 0.995 1. 115.

3E 0.250 dia x 0.250 bi-conve> 1.051 1.-15

3L 0.50 dia x 0.250 bi-convex 0.968 1.115

4II4asurements made using graduated cylinderl,2.30-in. ini dia.

Volimtric Loading Density of BMN and Mg-TYE Ignition Pallets*

Figure YUI-8

*1d
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A. PROGRAM OBJTCTV

The objective of this program was to evaluate recently developed elaso,
tomeric compounds that couald provide ablation characteristics superior to those of
the nitrile compounds presently used. The screening tests used to evaluate these
potential materials consisted of tests to determine (1) metal-to-insul~ation adhesionI
and (2) ablation characteristics.

B. MATE=AS

The modification of BuDns, N polymers with various fillers was extensively
studied early in the Wing VI program to achieve maximum thermal performance, ccmmen-
surate with desired specific gravity and other phy4sical properties. The conclusion
was reached that the desired combination of properties (dictated by design considers-
tions) was best achieved by the use of the NOL-type formulation. Therefore, it was
decided that any Investigation of new materials should be directed toward new polymers
that could be tailored to conform to the performance requirements of future designs.

ý17 Results; obtained from a preliminary literature search and vendors indicate
that a number of prospective materials exist that could provide performances superior
to those of presently used insulators.* The literature search was limited to locating
materials that had equal or lover density,, improved thermal and aging characteristics,
materials that exhibited no particular bonding or other processing problems, and

-'which were either comercially available., or were In an advanced state of development.

Four rubber companies, General Tire and Rubber,, Goodyear., Goodrich, and
U. So Rubber., known to be actively developing improved Internal insulation materials,
Zere contacted at the start of this program; each was requested to submit samples,,
based on polyrmers other than nitriles, the processing feasibility of which had at
least been demonstrated in laboratory tests. Thus, the assumption was made that the
determination of physical properties (hardness,. tensile,, and elongation) as well as
processing elialuations (green building strength and molding tests) had been completed
on the samplas prior to submittal. Proprietary rights have been reserved on many of
the materials submitted and a definition of the compounds is not available. A listing
of the materials evaluated Is presented In Figure 1X-l*

C. TW? )ETEMS AND REWLTS

4.-Adhesion Tests

- adbestoon-test sanples cossted of I. z z x .05-in. 641'A4V
tItanium strips to which the inrulation material was bonded. nbo adhesion system used
an oll samples consisted of H. IC. Porter 17,Cbez'lok 203 mftal'prIir, and Ceamlok 220
aftesives, This system, Is identical to that used In-the WVin VT. second-stae motor.

Page I~ ~
14-~~
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1X0. C, Test Y4~thods and F~esults (Cont.)

rarples were tested in l13O-degree peel accordirAg to ACV tl903. -7-i £iYndlyl& toests
vere conducted of each material. Th.e adheaiion-test -.esults are rt=arized in
Figure 11-2. 71hese results gsnerallj indicate thAt the H~. X. Forte r-Chenlock adhesive
system Is adequate for the General Tire and %tabber a" Goodyear ethylene propylene
polymers; howev'er, %.iae of the other prospective materials voul4 require specifically
designed adhesive systems.

9- Ablation Toots

Ablation tests were condurtted in a plasma-test laborstory. The
plasma generator used was a gas-vortex-stabilized design mauact-t~red by the Thermal
Dynanic Corporation. Tto F-80 plasma generator head was vsed with a powsr operating
rng~e of from 5 to 100 kv. The gas-stream heat flux was determined at the test-samPLe
location prior to each run through the use of a cold-vail calorimeter.

The test sanples, consisted of 0.5-in.-dis dowels of the ir~sulation
material iristruw~nted tj tz-.* insertion of a 0.001-in, thermocouple through the sample
at 0.060 ax-d 0.180 in. from the exposed surface. 'these assemblies were then potted
to a diameter of 1.0 'An. with roo -temperature-vulcanizing silicone rubber. The
ablation tests were conducted at cold-wail beat fluxes of 27, 50, ý.nd 100 Mtu/ft 2 _9*c.

Ablation test results are sumaized in Figure IX-3, which shows
the ablation rate vs the heat flux, with the current Wing V1 insulation material,
GTLR V-145, includ~ed for comnparative purposes. Twio ethylene propylene-based materials
exhibited ablation characteristics superior to those of GZIR v-45, Not as a result
of this study, but based on previews of technical literature,* the two butyl. aer~lies
fmo Goodyear may provide aging ad'vantages when used In low heat-flux enrrirctuent. {

D. C=W 1Cff8
t

The ethylene-propylene terpolymers, as a class of insulation binders,,
could provide signi±ficant weight decreases in the Wing Vr second-stage Minuteman motor.

la addition to having superior ablation characteristics., the adhesion of
the ethylene-propylene materisls to metal substrates does not appear to be a problem.
In addition, a further advantage my be gained through the use of these insulation
viaterials since erthylene-propylene costs are approximately 30% of the conventional
nitrile rubbers

=ai progr= has provided data demnonstrating the significant differeznes,
in ablation chs:acteristics of several elastcuieric binders and finlers currentlyL being
developed. It to recainnds4 tbat this effort be continued to waintain contact-with

rubberjý15 inu"st0"X toad urIng Product 84wancem i, 1

*Mwatomsirs (A Supplement to Desiln News. March 31j,195
tm peialty Elastomrst* RMtorlals-in Desitm Radnearing AWugt 1965
"Polyzarylate Elastwers Attract New Interest.,* Chemical and R~igneerirgf es, Nrovember 18, 1963

A't -2

~ ~5ZA'~.s~; . -S -* IV -~* C
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General Tize an~d Pabbr 3096 Ektb.ezen*,rapyene

B. F. Goodrith 5T0-T2-55-1 Bufy,' Ac.at*/Acry~onitril.

570-72-55-2 Butyl. Acralate/AcZ7].cmitrile

5TO-72-55-3 "I71oritrile/polyrinyA chloride

Goody--ar M-500 Nitrile-Bo--ic acid f ifled

D-270-D458 EPR Car~bon filled

D-27Q-D45~4 EP Silica filled

t73

PM#7tt 333.37 iseral

F ,IF

77777
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3396 115.0

520-72- 55-1 4.2

520-72-55-2 12.3

520-72-55-3 77.0

14-500 71.0

D-270-D)458 44J.o

tD-2T0-D45J4 88.0

)btal. Adahsion Tist pefutat[

7lgur, IX-2
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A. fLVT',R=C MN

Tt~ roll control valves in the Wing VI second-stage motor are subjected to
several operational inspections from the tine of fabrication to prelaunch checkout, using
Various procedures and different types of equipment. There is poor ccr-relatt=c betueen
the inspection data obtained at each inzpection point; Space-General, Aeroneiutrcnics,
Aero,4et-G~enersA.-Sacram-ento, F-rR, VJAB, and launch facility. The differences in the data,
obtained at MUD and the launch faci ityr were ouch that fouar valves cut of a particul.ar
group of eight roll s:-s-ems would 'Le re.'ected for being bel~w spec~ificvtIon linits andI
an additional three valves were in the zune between accevtab'e and clearly reJectable.
This would have been fo-ar out of eigcat potential -fligzht cancellations.

The lower tolerance limit on the transduier CW output 1.llustrates the
magnitude of the problem. The nominal output is 5.00 v. The ICD min'=-nt is 5.01.6 v
which is L~84 mv below thenomial. e observed differences from Aero~jet to AVE
equipiment are on the order of -400 =v. Because of tolerance buildup, this would :&use
a high 'Tb-Go" rate if the system were operational. The observed variation on AGE is
t 170 my. There is also a bias from Aeroneutronics equipment to AGE of approximately
l140 MY 'which is positive or negative depeading -upon the type of transducrers in the valve.

B, CQNCWSI0N-6 ANiD P30MOM~ATICNS

The variation ia transducer outputs between sites is caused by differemees
in equipment *nd conditions and not by the transducers. These differences can be either
in the applied excitation or in the loading effect on the transduc~er output. Te-st
results have shown that the applied excitation is not the major problem on AVE. Bazed
on these conclusions, the following reco~endations are made.

1. Data obtained from AGE can be i~prov d by incorporating an inproved
and standardiz~ed~ calibration procedure Im vhich a standardized si-i13%tor or dumm load
is used. In this procedure the test sec readout dials would* first be s-,t to a
Predetermined reading acd with the sirmilato connected, the 26vac power supply would
be adJusted for a test set nuili indication. Periodle cross checks fro one site to
=Atber should also be required. Figure "A" Item 17106 ban been designed as a load
for the test set for use at OOAM4. It is rec, anded that it be revised to be used as

I&a gialator. TUis change will. not fImpare its original function. Ad&Iitional quantities
SOf tbIS sium2.ater would be required for each s;,te using the AGE test set.

2,~ is. reca end that te reyised rigre. A* Iti 1=16 be. us'ed ft.

.. AmI heckot equipment should be used at Aeroneurtranics for valve
Cheek Prier. to deliVery. MUi Viii require three W~itional. G test "ets.

-Fage X-1
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X, B, Conclusions and Recommendations (corzt.)

14. The acceptance of valv-es at Aeroneutronics using the AGE test sct .
and checkout values established during Task 25 is recc'mended. "Me, data and testing
Performed has demonstrated the capability of meeting specification a.nd ICD require-
ments. Mhe revised procedure is described in Section X,?..

If A ni limit of 5.40O0 visused at Aeroneutronics, 15.6$ of the
Kavlico valves can be expected to be outside of the current Aerojet speifIcation
limits when tested. an other AGEk.

5. Th eccqyuter band limits should be changed to have the computer reject
on the basis of failure of 'both solenoids on one side, i.e.,, null. Mbis would require
an ICfl between Aerojet and Autonetics for null only and would result in an effective-
loosening of the transducer adjustmcnt. Based on prelimi=-y data the I1= cculd be
from 1.6o to 14.14o v.

An additional ICfl would be required for the "g0" limits. This value
would be based on the null limits and the Autonetics band for computer resu7lution,
variability, etc. The "go" =D limit would be measured on Aerojet AGE only and could
be 4.90 v CW and 1.10 v CCV. The corresponding Aerojet comonent apecification valuer
would be 5.20 and 0.90 v, resreetively.

7h above is based on null calculations shorrn in Figure X-l and
assumed Autonetics values. Additional testing in the null position would be required-.
Thse recommndations are alternatives to item 4.

6.. aaifo~c wl 'be directed. to pr oof test and perfazu an electriemal
tbecL pri.or to spot ve.ladmg the rtransaucer In ;T&ace.

7T. Mllumtinal of the Kaylie, -val-oe Tram the nex: lioi~,~t is
reccmmnded. Th Scbaev~tz design Is mom mmiform. This vill slso ease the ralilra-
tion, setting, -and adjustmnt required betwee Aeroneutronics equi~mnt and AGE by
permitting use of a -standard 1procedure.

8loNw AZ lIzaits for Aoneutronics ame recommnded.

Mw above Items, 2 trouigh 8, iioiad requr appropriate JM fiction.

C,

A:1pirciina IaS toabdeuermine e xact~eristle Imttern and
Vaziabili-ties of the, Tmici viaews Of equ1pnt~. MbWti-fts of the 1 pip' were

dzu'Ie. Apcteaim -ngt-bpO
ýAG to W Imrf==&=e iD 'Me 1mitim tranfdthe .system.

";,4
jt

I~~bV X7
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X, C. Program (cont.)

The program Included the fclloving:

1. ',n roll-control -valves; five each with Sebsevitz an XKVlico position
transducers, were tested at Aercmeutronics, SGC, Aerojet, EAFD, _17" and ETE HAB to begin I
the study. IThe results of there tests (Figures X-2 through -214) established that there
were differencesa in the data obtained from each facility. To verify the differences
observed in the valve test result, ad ylodaseigdbltanshipped to
each facility. Similar differences were observed in the data obtained with the diur I
load. This Indicated a need for inproving the calibration procedure for the AGE.

2. Special tests were also conducted to determine the effects of the
significant variables: excitation voltage, solenoid voltage, temperature, AGE vari-
ability and repeatability, anA energization timme.

3. An iuvestiga'.ion was conducted to determine differences between the
AGE and the AV27 from data available to Aerojet. N1o obvious cause for the differences
could be determined fron this data and a more extensive investigation will be required.

4. Calibration cf the square wave was also studied. This included
measurement of the Aerojet test set and an R& P.-90 unit. These tests showed a
deviation in the AGE of 0.6% or less, depending on warmup time; and a deviation in
the P-.90 of 0.5% or less. Details of calibration of a square wave are contained in
Section X. G.

5. The AGE drawings were reviewed and found to be in agreemeirt with the
lCM.

todee 6i . Eight valves which were rejected by SOC were returned to Aeroneutronics
to dterineif the valves could be reworked. flemoval of transducers that are spot -.elde

in place was proved to be feasible.

To Identification of all problems involving equipment that Aero~Jet has
direct responsibility for within the scope of the task ouz-'line was acccezplished,

Do ANALYSIS

Variability between voltage output readings have been relatively large for
the sawe valve from one locati-cm to another. On the average, the largest difference Iz
AGE equipment was 0.122 v, transducer CW output., between Aerojet Receiving Inspection
anld EMF. The largest difference in individual readings wias 0.160 v, CW output,
between Aerojet.Line 1 and HMl. These same valves were retested at RMl on fiver
additional pieces of AGE and the variability inramsed an the average to 0.1T2 Y for
the CW position. The valves increase and decrease in output voltage in group&,
indicating the variabIlity- is probably a result of personnel,, test set, and tempera-
ýture differences at the various locations. Generally the same valve variabilities are
observed, vith each test system. Differences. at EM12 were more pronounced. Themaximum

Page X-3
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X, D, Analysis (cont.)

average difference in Kavlico units between Autonetics LAb, GTh-060, and MAB was
0.272 CU v. Ma largest difference in output voltages were between AGE and missile
checkout equipment. These differences were in the average magnitude of 0. 4 06 v for
CV readings, between MAFE and MAB at ETR for Eivlico units and 0.318 v CV readings
for SchaevitS units at the same locations.

The CCW voltage readings also varied but were not quite as Wxh 9s the
CV voltages. Figures X-2 an -3 are line graphs depicting the output voltages at the
different locations. Figures X-4 and -5 are histograms of output voltages at the
various test sites. Data from the retested valves at RAPM are not included in the
histogram but are shown in Figures X-2 and -3. Figures X-6 and -7 show that the
standard production valves and the special "Tak 25" valves are fro similar popula-
tions.

The special teats performed at different locations were used in the analysis
to determine how different factors affect the overall variability. The following
variables were considered (' referenced in the figures r presents average slope of the"Task 25" valves,€ is the standard deviation of the sL Pes, ±3 . gives the 30
minim= and mexiwni values of the slope).

1. Transducer Outmut, CV, versus =citatlon Voltage
(Figures X-b and X-23)

The test data, CV readings, indicate a very good correlation between
excitation voltage and transducer output voltage. Excitation tests were conducted at
IE and I= and both sites shoved a comsistent pattern between the two variables.

2. Transducer 0utut , versus Excitation Voltage

(Figures X-9 and X-24)

The test data indicated that the transducers were more sensitive iM
the CW position (S a 0.1126 vs V- 0.007). The EM data had a more positive slope
than the RAPE data for 50.5 to 52.0 v and regressed more fro 52.0 to 53.5 v.

3. Transducer Output, versus Ecitation Voltage CV and CCV for
25 Production-valves. (Figures X-10 and X-11l

to ,. •eit •T results of test data for these 25 production valves ,ere close
ta the results obtained for the "Task 25" valve. CW voltage redings continued to
ohmv an sensitivity to excitation,-j-Iganges tz.a CCW readings4R

V• - . 7
. ..V ,: : . :, .• • + + + .+ + + + • , + :+, + • - -
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X, D, Analysis (cont.)

4. Transducer Cutrut VI-.'+, C- , V'bri•s rolenciJ Voltsge
(71itres X-12 and X-3)

The relationship bet, een these two variables was demonstrated by lsing
S hysteresis loop of solenoid voltages from 32 to 22 v and then from 22 to 32 V. A
very slight indication of hysteresis was demonstrated. The loop did not show a con-
siatent pattern between the valves; breaks in the curve appeared at 25, 28, and 32 v.
The curves demonstrated that solenoid voltage had an effect on Cutput voltage.

5. Transducer 0n ,' : C rsuCW Solenoid Volta~e (r.ire X-12
and _X-2•)4

The output voltage in the CCW position was similar to that of the
CW position. The difference between the CW and CCW voltage outputs is largely the
slopes of the regression lines. T-he slopes for CW outputs are all negative (output
voltoge decreases as solenoid voltage ir.creased) while the iopes for CCW outputs are
positive (output voltage increases as solenoid voltage increases).

6. Transducer Output, CIW versus Temnperature (Figure X-13)

The relationship between temperature and CW output voltage is irregular.
There is a general upward slope bet;een the two variables but in the area of 65 to 70*F
the individual readings show an inconsistent "S" curve that does not repeat for each
valve. The regression slore is shown in Figure VI-13 (in the 60 to lOOF tempmrature
range more variability is from the "S" curve than from the regression). The effects of
temperatures used !n other calculations use the maxlmi range based on the "S" curve.

7. Transducer Output, CCW. versus Temperature (Figure X-14)

The CCW output voltage were similar to the CW output voltage except
the regression line for CCW voltage is negative.

8. Test Set to Test Set Variability, AGE, CW

Thst set to test set variability was determined by analyzing all AGE
test sets at all locations. The statistics in Figure X-15 indicate the average differ-
ence between the test sets an the standard deviation of average differences.
Variability between some AGE and ETR equipment can be seen in Figure X-15. This histo-F gram show& EMR readings to be about 0.160 v lower on K~vlico units and 0.030 v on
Sebsevits units.

iTht Set to Test Set Variabilityt, A mG..CV (,igure x-..6)

The CC position results were sirmlar to CW position results. Differ-
*me& in AGE and ETR equipment are about 0.200 v for Kvlico units and 0.090 v for
Sobaevits units. These values are considerably higher than can be explained by just
AGE equipment variability. Figure X-16 shows the histogram for the CCWJ voltages.

P.ge X-5
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X, D, Analysis (cont.)

10. ±~paaiiyon One Teat Cet, C'd

These statistics are a reflection of the average difference and the

variability between outpuat voltage readings at Aerojet on test Bet S71 0O(C"0l (taken
under similar conditions). Figure X-15 shows the differential readings between test
data taken on two dates. Greater differences were found vith test set Mi FCT 061"at IMP
but the conditions viare not the same as with test set STI 0OW1~0 above (Schaevrits
uinits at RAT showed an average difference of 0.052 v, CV, Kavlico shoved 0.059 Y).
'abe difference was partly a result of the recalibration of test set S:T FC? 0061 between

tesits. ____________________ ___

U1. TEepeatability on Om~ Test Set, CCW

The CCV output voltage readings were similar to CV readings. Figure
X-16 shows histograms of the differential voltage readings between the two Aerojet
receiving datces (tiverage differences between HMT test set SS( FCT 0061 was 0.04dT aid
0.032 v for Sebsevitz and Kavlico., respectively).

12. Transducer Output, CV, versus Energization Tin-e (Figures X-17
an d X -2)

Generally, as energization time increases the CW output voltage
increases. The average slope for the various test sites goes through zero for the A
output voltage at the energization time of 4 seec as theoretically expected. Tha eflerCiza-
tion time repre sents the di~oference between readings taken at li sece and readings that
vfte taken at other times; A output voltages are represented by the difference between
thie output readings at Ii see and the readings taken of times other than Ii see for each
specific valve. The scatter of slopes Is relatively large indicating that the repeat-
ability of this relationship is not very good.

13. Transduct.- Outnut, CCW versus Energization Time. CCV
(Figures X-ld and X-241

Generally,as energizA~tion time increases the CCV voltage decreases.
The average slope again goes through ze.ro for the A output volts at the 4 see energila-
t lon t ime; however,, the varia~ility of the slope is mailer than shown for the CV volts.

li. TR VarIability on F¶( 14514, C (Figure X-19)HTest data from EMIindicated a relatively large rang between and
within each test station., Figure X-19 shows the individual values and the time span,
for the various tests

~1.Z? Vlaftability on 7lT( 4514, CCV (Figure X-20)

V est esults were similar to CM. Individual data points are sho ..wn . ..

in Figure X 0-

_o page X-
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X, D, ArAly'is (cont.)

16. F".4 Histor•y -i X--?i ..- d X-2•)

Error analysis of the position transducer considered the variables
that could possibly influence output voltage. 41e variability for these -arlables
were used in propagation of errors fortzula (Poet S-,= Equaring (PSS) of the standard
deviations) to arrive at the total expected variability. Using this technique, the
total expected variability of output voltage was co=uted by determining the cc marable
3a variability of each contributirn source and then taking their F.ZS's. '-e total
expected 3 a's are as follows:

CW Output "oltage 437 = 0.276, -37)r 0.283
CCW Output voltage +3 - 0.148, -3a o.138

Figur-s X-21 and -22 :how detailed analysis of the coTzarables 3a's
for each source of variation ard the RSS of the CW and CCW output voltage respectively.

E. INTEIoM ACTIONS TAMeT

1. Interim limits have been established for use at Aerojet with Aerojet
equipment for valves which are outside of specification limits. These limits are
5.140 to 6.134 v for the CW position based on testing at 50 and 54 v. These limits will
be applied only through MRB action.

2. Six Kavlico valves have been reset by Aeroneutronics to meet specifica-
tion limits using a revised procedure (Section XF) which assures tighter control. The
data from these valves is shown in Figure X-25 and demonstrate the feasibility of
resetting.

3. Seveen new valves using position transducers from Kavlico have been set
by Aeroneutronics to meet specification limits using revised procedures (Paragraph V)
which assure tighter control. The data from these valves are shown in Figure X-26.

4I. The AGE test set will be used for final buyoff at Aeroneutronics to
eliminate the bias between Aeroneutronics and SOC.

5. Interim limits have been e:tsblished for use at Aeroneutronics which
allows for some test set to tect set variability.

6. ed on the results from Paragraphs 2 and 3 above, production valves
vill be reset upon receipt of contractual direction, to meet specification limits Using

7. Te use of KDvlico transducers has been elim:.nated from the BUY InI

production progrms.

Paee
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R~eport 0162-O6=-9-Vol 2(

X, Poll-Control Valve Transducer To atI ng--Project Diretive 41-025 (cont.)

F., PL VALVE ASSMXBY A.'TD TrST SUE=EE

a. Install and set transducers using Aeroneiatronice equipment. Spot
veld transducers In place.

andfuxtioal b. Acceptance test valve at Aeroneutronica (Includes proof pressure

a. rinal electrical buyoff at Aeroneuxtronics using Aeroneutronics
test set.

d. Perform receiving inspection on valves at SGC uaing AGE test set.

a. Perform receiving inspection at Aerojet using AGE test sert.

test et.t. Perform final check at Aerojet and valves on motor, using AGE

I go Perform receiving inspection at M~ or Plant 7T using AGE test
set.

ho Perform missile check on MAB using A/It missile electronics.

I* Perform missile cheek in laumhe using A/I missile electronics.

2. Rzture s
16 a. Install and set transducers, using Aeroneutronics equipment, to
new adjusted limits. These limits axe those required to give the null band. limits
described in Section X.,%4 1 .

a~ ~io~ _b. Acceptance test valve at Aeroneutronics (includes proof-pressure

Cli iFceck trwnsducer output using Aeroneutronica test set. Reset
if necessary. Spont wid transducers in place.

L ?Inal1 hectrical buyoff at Aemozutronics, using ACM test set*

IC- -ePerfor receiving inspect4 , n' valves at SOC using AGE test set*

f. Perform receiving Inspection at Aerp.jet using AGE test set.

PAgex-
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P~port 0162-(X6=3-9-Vol 2

XC, F, Boll Valve Asstmbly and Test Cequence (cont.)

go Perform final check at Aerojet with valves on notor, using
AGE test gzet.

h. Perform rectiving, inspection at ETh or Plant TT using AU?
test set.

1. Perform missile check in HAD using A/9 missile electronics.

3. erform mics~lie check in launcher usirg.A/U4 missile electronics.

G. VOLTAGE CALIBRATION OF 7:E &QUAPS 1'AVE E=1TATTIfl

During the study, the question of accuracy of the square w~ave excitation
voltages vas introduced.

The requirement for the flight hardvare is that the voltage amplitude of
the square wave shall be within ± 4% of the nominal value. T1he requirement on the
AGE? Is that It be within t 1% of the nominal value. Calibration of this voltage
requires equipment which will. measure within ! 0.1% preferably or within t 0.25%
maximuzm. Current techniques for measuring square wave voltages do not provide the
accuracy necessary for the measurement.

Oscilloscopes are only accurate to ! 3% and voltage metering equipment
is not designed for use with waveforms other than sine waves.

Three approaches to the problem have been considered. The rwecproo ed
method is to devise a calibrated transducer simulator which can be used to calibrate
the test set and the operational equipment. This method would allow calibration of
the test set to overcome differences in demodulator losses and any other character-
istics from one fset to another. The second method is to use a John Fluka Motdel 803B
differential voltmeter with a correction factor. The manufacturer b~provideda
correction factor that has not been verified locally. The third method is to use an
oscilloscope in conjunction with a dc power supply. The scale of the oscilloscope
can be expanded to provide the required accuracy and resolution. The wave form can
then be displaced for observation and measurement by using the power supply to provide
a biasing voltage.

Page X-9



Report 016,2-06TM-9ý-Vcl 2

1. Excitation voltage 0.1251 0.1251

2. Solenoid voltage 0.063 0.083

3. Temnperature o.046 o.o46

4. Age life 0.025 0.025

5. Total test met variability 0.1w0 0.100

Ounmtion of individ~ual sigmas 0.3591 0.3T91

Aerojet Lini-ts (based on 40 valves) 2.00 min 4.00 min

Limit output vaunes 1.641 14.3T9

Proposed ICD limits 1.6 4.4

- Oneiall Variance Ana3ysis of Phramters
Affecting Vall Position Ouitput

-Fiv* -' 1
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01 Position

Figure X-2
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0162-067DR-9-Vol 2

6
* KaviicoAP-

CCII Ill Thak 25 Valves

8 Kavlico Standrd~l Production

Transducers, 3/65 to 5/65
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XaV1.ICo ADP-=G

: ~CCI 41 Ta.sk 25 Valves

8 alc Standard Production

Trmzizduers, 3/65 to 5/65
6 ADP-AGC

nu'29
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0
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CCN l41 Task 25 Valves
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6
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Figure 1-10
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Figure X-14
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Report o162-O6T=R-9-Vol 2

Source of Variation C2c2rable 3a

Excitation Voltage Variation, 50-54 volts PP
b = 0.126, = .0063 (Figure X-23) 0.228 C.228

Solenoid Voltage Variation, 22-32 volts
b= 0.0054, a - 0.0032 (Figure X-23) 0.028 0.083

Temperature Variation, 60" - 100F
X - 0.052, c = .oil 0.o42 0.042

Age Life, 3 years, estimated 0.025 0.025

Average Test Set to Test Set Readout Variation,
AGC Equipment 0.125 0.125X - 0.056., := .0407

Repeatability on One Test Set 0.047 0.047
X -Q'.015, a = .0157

Energization Time, 4-17 sec 0.058 0.028
b 0.0029, ab = 0.0018 (Figure 23)

RSS'd Variation 0.276 0.283

RC valves checked at Aerojet and meeting Aerojet Spec 71069 Rev C, Amend 3, could
produce the following output values in the CW position under limit conditions
assumed above.

AGC Spec Limits 5.360 min 6.000 max

RSS'd Variations -.283 +.276

Limit Output Values 5.077 6.276

ICD Limits 5.o16 6.300

Statistical Difference Between Aerojet AGE
(Receiving Insnection and Line 1) and Missile Eouirent

Average difference - 0.182 volts

Max observed difference - 0.390 volts

* * For the variables utilizing regression analysis, comparable 3G variations are
based on the variability of b and 0 when aasociated with CV output volts, (e.g.,
b shows an. increase ofO.2252 �g(Mvols fran 52 to 54 excitation volts, 3• shows
an additional increase or 0.0327, C volts at 54 volta; these amounts are PSS'd, or

2(.225) + (.O378)2 -= Q8 For variables checking out differences, comparable
30's are based oM '(129);- + U3)

Overall Variance Analysis of Parameters
Affecting CV Output Voltages

-o lire X-21



Report 0162.06TV'-9-Vol 2

Source of Variation Caomrable 31 Variaticn*
+÷

Excitation Voltage Variation, 50-54 volts FP
b a 0.007, a a 0.0037 (Figure 24) o.026 0.026

Solenoid Voltage Variation, 22-32 volts
b- 0.C043, a - 0.0024 (Figure 24) 0.063 0.021

Temperature Variation, 60*-100*F
t a 0.043,0 - 0.0125 0.046 0.046

Age Life, 3 years, estimated 0.025 0.025

Average Test Set to Test Readout Variation,
AGE Eq&i•ment 0.115 0.115

X a .0230,.,r- .0429

Repeatability of One Test Set 0.037 0.037
x = .018, a - .0121

Energization time, 4-17 sec 0.008 0.025
b - -0.0010, C - .0005 (Figure 24) - -

RSS'd Variation 0.148 0.138

RC valves checked at Aerojet and meeting Aerojet Spec 71069 Rev C, Amend 3, could
produce the following output values in the CCW position under limit conditions
assumed above.

AGC Spec Limits 0.250 min 0.500 iax

RS8'd Variations -0.138 +0.148

Limit Output Values 0.112 0.648

IC Limits 0 1.090

Statistical Difference Between Aerojet AGE
(eceiving Inspection and Line 1) and Missile Equitent

Average difference, - 0.155
W1x observed difference, a 0.1430

I For the variable. utilizing regression analysis, comparable 3a variations are
based on the variability of b and C0 when associated vith CCW output volts (e0g.,
b shown an increase of 0.014 CCt volts frc 52 to 54 excitation volts, 3a shOWa
an additional increase of 0.022 CCW volts at 54 volts; these amounts are A•S'd or

O1)+ (O.0 For variables checking out differences, cnpaxrabe b 's

are baed on (1/21)2 + (30)2.

O-erall. Variance Analysis of Prnmeter.
Affecting CCV Output Voltages

Figture X-22
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Report 0162-06TrR-9-Vol 2

Vlves Before Resettina

Serisa.

Number Aercneutronics Aerojet Test Set

LUS 0001 CW - 5.31, CCw - 0.46 CW - 5.23, CcW - 0.49

r.AS 0002 CW - 5.41, CCW - 0.55 CW - 5.32, CCW - 0.58

LAS 0003 cw - 5.45, CCW - 0.51 CW - 5.36, CCW - 0.54

EAS 0007 CW - 5.34, CCW - 0.50 CW - 5.27, CCW - 0.52

EAS 0011 CW - 5.48, CCw - o.h1 cw - 5.37, Ccw - 0.43

EAS 0019 CW - 5.37, CCW -0.36 C0 - 5.28, CCW- 0.38

Valves After Resetting

Serial
N'i•mber Aeroneutronics Aerojet Test Set

EAS 0001 U - 5.55, CCW - 0.24 CW - 5.43, CCW - 0.30

EAS 0002 CW - 5.61, CCW - 0.31 CW - 5.45, CCW - 0.37

EAS 0003 CW - 5.68, CCW - 0.33 CW - 5.55, CCW - 0.39

EAS C&37 CW -5.65, Co .- CW - 5-.55, CC .- O.45

lAS 00311 CW - 5.58, CCW - 0.39 C, - 5.42, CCW - 0.38

EAS 0019 CW - 5.57, CCW - 0.36 CW - 5.46, CCw - o.36

Valve S/I 0003 did not meet requirements after first tack weld. Tack weld

was broken and valve satisfactorily re-adjusted. The position transducer

also required replacement.

fecalibration Values of Six Navi co-Equipped valves

n...-e X-25
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Report 0162-o6 U-9-Vol 2

Serial.
Number Aercneutroriic3 Ti'st Set Aerojet Test S'-*t

EAS 0llO c - 5.6o, CCW -0.145 CW -5. 144, CM - 0.45

EMS 0111 CV - 5.14, CCW - 0-6.

EABO0112 C - 5.57, CcVw-o.45 CV:-5.4&1, CCV:-0.145

EAS OW1 C - 5.62, cVV -o.144 C .4 cw-o4

EASU tU C - 5.60, cCVw-0.39 C - 5.41, CCW -0.40.

EAS0115 C - 5.56, cCV - )42 C - 5.140, CC - 0.I.0

EAS 0116 Cw -5.66, ccw -oj.6 C - 5.50, CCW- 0.42

Valve S/N 0111 failed to meet leakage requirements durin~g acceptance tests

and bad to be removed.

-ft bm.an o New Uav1co-Uquipped Valves

picuaex-26
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